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. TYING AN ELECTRICAL KNOT 
The large transformer shown here unites the power systems of the Duquesne Light and the West Penn Power Companies 
of Pennsylvania, and by means of its load ratio control mechanism will transfer power in either direction to 
secure a proper load balance between the two systems 
(See pv 823) 


Marine Propellers | D-c. Reclosing 
$ Lightning Arresters Light Projection Tie-in Transformers 
Electrically Manufactured Ice Electric Railway in Java 


arles A. Coffin Ry. Award Are Welding in Manufacture 


WHEELER COOLING TOWERS 


he | 


ie 


Can You Use All Your Exhaust Steam for Heating? 


1g NOT, the most economical method of satisfying a demand for 
both heat and power is to extract enough steam from bleeder 
turbines to meet the demand for heat and expand to a high 
vacuum the remainder of the steam necessary 
to carry the power load. 


WHEELER. = 
PRODUCTS INCLUDE 
CONDENSERS -ALL TYPES 


COOLING TOWERS - HEATERS 
STEAM JET AIR PUMPS 


Wheeler cooling towers will supply the 
cooling water necessary, irrespective of 
variations in the heating or power load. 


Wheeler cooling towers will cool the water to the lowest 


; ; ie HEAT EXCHANGERS 
point consistent with atmospheric conditions. They occupy EXPANSION JOINTS 
little space, cannot offend with wind-driven spray and are EVAPORATORS 
long lived and simple. BOILER FEED PUMPS 

CENTRIFUGAL PUMPS 
T * 
WHEELER. CONDENSER & ENGINEERING CO. REET 


CONDENSER TUBES 
149 Broadway, New York 8 ORS OE ee 


Works - CARTERET, N.J., NEWBURGH . N.Y. ae 
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Steam Condensing Equipment 


Ingersoll-Rand is the oldest and most experi- 
enced builder of the modern single-pass con- 
denser with .6 to .7 square feet per kw. 


Ingersoll-Rand Company is the pioneer of this 
important development. The original research 
experimental work was started in 1907. 


The I-R Condenser at the Pennsylvania Edison 
Company at Easton, Pa.,—the first Ingersoll- 
Rand central station installation—has now 
completed three summers of heavy load opera- 
tion. The condenser has 8,430 square feet of 
surface and serves a 10,000-kw. turbine operat- 
ing under old steam conditions and with no 
bleeding. This is at the rate .843 square feet 
per kw. With modern steam plant practice 
this same condenser would adequately serve 
from 13,000 to 14,000 kw., which is equivalent 
to .63 square feet per kw. 


Each of the two I-R condensers at the Zil- 
waukee station of the Consumers Power Com- 
pany (which have now completed their second 
summer of successful operation) has two 
20,000-kw. turbines operating under modern 
steam conditions and bleeding. This is at the 
rate of .713 square feet per kw. 


INGgRsoLL-RAanpD Company, 11 Broapway, New York Ciry 


Offices in principal cities the world over. 


NADIAN INGERSOLL“’RAND CO., LTD., 260 ST. JAMES STREET, MONTREAL, QUEBEC 


ngersoll-Rand 
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LANT operators have always been on the look- 

out for a condenser which would not only give 
the highest type of performance, but would also 
accommodate itself to plant conditions, giving the 
maximum of flexibility with the minimum of piping 
complications. 


The 25,000 sq. ft. Surface Condenser installation in 


ELLIOT 


GENERAL OFFICES AND WORKS 
JEANNETTE, PA. 


DISTRICT OF CICES:ATLANTA. BALTIMORE, 
IN, CHICAGO,CINCINNATI, DETROIT, 
SAS CITY. 


PHILADELPHIA, PITTSBURGH, ST. LOUIS 


the plant of the Carolina Power Company, Moncure, 
N. C., illustrates how Elliott-Ehrhart Con- 
densers are accomplishing these ends. 


The performance has been remarkably satisfactory. 
It will be noted that the condenser fits into the 
limited space afforded by the turbine foundations, and 
provides the utmost accessibility for all auxiliaries 


OMPANY 


EXECUTIVE OFFICE-PITTSBURGH, PA. 
PRODUCTS 


ares REDUCTION GEARS, CONDENSERS 
R_EJECTORS, DEAERATORS, HEATERS 

AUTOMATIC VALVES, BLOW-OFP VALVES. 

STRAINERS, SEPARATORS, GREASE EXTRACTORS 


C-279 
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All welding wire 
may look alike— 


but there’s a vast difference in results 


You can tell the difference in the way Ingot Iron—guaranteed 99.84% pure iron! 
the metal flows and “sets.” Your chemist Welds made with Page ARMCO Weld- 
can also determine the degree of quality ing Wire are never brittle as it is free 
by a few simple tests. from detrimental foreign matter. 

Page ARMCO will come up. to your Write for a copy of the Page Hand- 
highest expectations for it book giving valuable weld- 


is made from the purest of ing information. It’s free 
ferrous metalsk— ARMCO —a postal will do. 
Mild Steel, Page-Armco, Page High Carbon 


Gas Welding Wire and Electrodes 


PAGE STEEL AND WIRE COMPANY, Bridgeport, Conn. 


An Associate Company of the American Chain Company, Inc. 
District Sale Offices: Chicago New York Pittsburgh San Francisco 
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Prompt delivery of Anacon- 
da Copper Wire is assured 
—at all times—from six con- 
veniently located Mills, hav- 
ing ample facilities to take 
care of every demand. 


Se Sad Nan Stee aL a ens 


Anaconda Copper Wire 
Products include Bare, 
Weatherproof and Slow 
Burning Wire and Cable, 
Paper Insulated, Lead 
Sheathed and Varnished 
Cambric Insulated, Lead 
Sheathed or Braid Covered 
Power Cable, Copper and 
Hitenso Trolley Wire. 


ANACONDA Wire Propucts 


ANACONDA COPPER MINING COMPANY (‘THE AMERICAN BRASS COMPANY 
General Sales Offices — Rod, Wire 2 Cable Products — 25 Broadway, New York 
In Chicago: 111 W. Washington St. Offices and Agencies in principal cities 


i 
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Cute Little Devil 


O the uninitiated, a sparking commu- 

tator may be “‘pretty” and ‘‘cute” 

but to the electrical man it means poor 

commutation and actual destruction of 
parts. 


STACKPOLE Brushes eliminate trouble, 
—they function smoothly and efficiently 
in any service and assure cool operation 
and perfect commutation with minimum 
commutator wear. 


Stackpole’s catalogue gives interesting and 
instructive data on Carbon Brushes for 
every service. 


| STACLIDONES bez 
STACKPOLE CARBON CO. 


ST.MARYS ~ PA. 
Qo 
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Where heavy starting torque or speed 
controlis necessary ,consider the advan- 
tages of Commutator Type Motors. 


The Gateway to 
Guaranteed Brush Performance 


WHEN you fill out the National 
Pyramid Brush Data Sheet (one for 
each machine) you open the door to 
a new experience—freedom from 
brush troubles. No more excessive 
brush or commutator wear; no more 
expensive tie-ups while new brushes 
are waited for; no more doubts as to 
what brushes you need. You put all 
these things up to us. 

Any superintendent or plant engi- 
neer can fill it out so that our engi- 
neers can specify the correct brushes 
for best results. 


Thousands of industrial plants and 
public utilities use this Data Sheet 
Service because it brought them the 
right brushes the first time and makes 
re-ordering simple. They just write 
—wire—telephone, “Send set of 
brushes as per Data Sheet so-and-so,” 
and the order is correctly filled with- 
out delay. 

Anyone anywhere can fill out these 
Data Sheets, or one of our Sales 
Engineers will call and do so. A 
supply of Data Sheets. sent free on 
request. 


VANS 


Manufactured and guaranteed by 


NATIONAL 


CARBON 


CoOcMeP A NY , INsc 


Carbon Sales Division 


Cleveland, Ohio 


San Francisco, Cal. 


Canadian National Carbon Co., Limited, Toronto, Ontario 


Emergency Service Plants 


CHICAGO, ILL. 
551 West Monroe St. 
Phone: STAte 6092 


PITTSBURGH, PA. 
Arrott Power Bldg. No. 3 
Barker Place 


NEW YORK, N. Y. 
357 West 36th St. 
Phone: LACkawanna 8153 


Phone: ATLantic 3570 
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Electro Plating Generators 


and 


Motor Generator Sets 


with 


General Electric Motors 


GENERATOR, 15,000 AMP., 8 VOLTS, 360 R.P.M. 
GENERAL ELECTRIC MOTOR, 200 H.P., 3-PHASE, 60 CYCLES, 2300 VOLTS 


Types T-B-P 
25 to 15,000 Amperes 


CHANDEYSSON ELECTRIC COMPANY 
4092 Bingham Ave. St. Louis, Mo. 
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HE lessened cost of maintenance of electric motors 

when equipped with New Departure Ball Bearings 

amounts to a substantial saving on the original invest- 
ment. 


You owe it to yourself and your organization to become 
acquainted with the advantages of New Departure Ball 
Bearings in electrical machinery. 


We offer you literature listing these advantages in detail, 
also engineering application data to all types of machinery. 


THE NEW DEPARTURE MANUFACTURING COMPANY 
DETROIT - BRISTOL, CONNECTICUT - CHICAGO 


New Departure 
Ball Bearings 


AS 
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The Big Sioux Power Plant 
Another Milestone in Notable U.G.I. Achievement 
and a booklet that tells how it was built 


ee Big Sioux Power Plant is the most recent super-power station com- 
pleted by The U. G.I. Contracting Company. Designed:and built for 
the Sioux City Gas and Electric Company, Sioux City, Iowa, this splendid 
generating station is a definite demonstration of U. G. I. ability to conduct a 
complete program from the preliminary study and design through to 
finished construction. 


The booklet which describes this important project might well be called 
G No a condensed treatise on modern power plant design. Its many illustrations 
and comprehensive text explain the methods used to overcome the obstacles 


peculiar to this particular project. 


THE U-G-I-CONTRACTING COMPANY 


Peoples Gas Building ¢ * Union Trust Building * 
CHICAGO Philadelphia, U.S.A. "PITTSBURGH 
BUILDERS OF 


Factories Power Plants Bridges Gas Plants Public Works 


. as THE U. G. 1. CONTRACTING COMPANY 
Mail this Philadelphia, U.S.A. Name 


Please send 


A) id, without obligation, your new booklet 
coupon now lescribing the Big Sioux Power Plant. Address 


UW 


saw it advertised in the GENERAL ELEecTRic REVIEW 


DECEMBER, 1925 GENERAL ELECTRIC REVIEW 


n the Pine Tree States Mans Paradise/ 


FT PR Le ee Ie EP ee ee Lee ES Pe 


Hydro-Electric 
Station at 
Veazie, Maine 


{Gu Bangor Hydro-Electric Company supplies River Crossing at 


electric service to three of the most easterly Bangor, Maine 
counties in the State of Maine. The hydro- Weranis 
electric station of the Company located at Veazie, Penobscot River 


Salmon Pool below 


Maine, was the third plant of its kind to be con- 4 
Veazie Station 


structed in the United States. 


The transmission line, built on Locke Pin Type Insulators, connect- 
ing the Veazie and Ellsworth stations, is operated at the highest 
potential in the State of Maine, 50,000 volts. The dam at the 
Ellsworth generating station was the first high Ambursen Dam con- 
structed in this country. The height of this dam is 61 ft. 


Owing to the diversity of water conditions on the two river systems, the Penobscot 
and Union Rivers, no steam reserve whatever is maintained by this Company. 

The principal industries served by this Company are pulp and paper, lumber, and 
textile products. 

This system, built and maintained with Locke Porcelain Insulators, represents one 
of the many hundreds of pioneer electrical developments whose service has expanded 
with the rapid growth of American Industry—-even as Locke Porcelain, the first ever 
used for electrical insulation, has maintained its leadership in its service to the : 
Electrical Industry. The Ellsworth Hydro-Electric Station 


LOCKE INSULATOR CORPORATION 


BALTIMORE, MD. Factories at Victor, N. Y., and Baltimore, Md. 


Sales Offices: 
be ry Mass. Philadelphia, Pa. Chicago, IIL. Salt Lake City, Utah San Francisco, Calif. Portland, Oregon 


84 State St. 803 Atlantic Bldg. 770 Illinois Merchants Bank Bldg. | P. O. Box 1877 575 Mission St. 61 Fifth St. North 
New York, N. Y. Dallas, Texas Atlanta, Ga. Denver, Colo. Los Angeles, Calif. Seattle, Wash. 

120 Broadway 1801-15 North Larmar St. walt ‘Red Rock Bldg. 819 SeventeenthSt. 236S.LosAngelesSt. 570 First Ave. South 
Victor, N. ¥. Export Agents: International General Elec. Co., Schenectady, N. Y. 


PORCELAIN 
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Double Galvanized Telephone 
and Telesraph Wire 


CRAPO PATENTS 
Non-Peeling—Non-Cracking 


PITTI eee 934 


At last the Telephone and Electrical Industry is assured longer life and 
lower maintenance on galvanized wire construction through our new 
and improved patented Galvanizing Process, which insures a wire with 
Non-Peeling and Non-Cracking Zinc Coating. Now in full commercial 
production. Carried in stock by Representative Supply Jobbers. 


Illustration at right shows what happens to old process galvanizing, while 
the illustration at left shows assured results of CRAPO PROCESS—(patented) 


Standard or Commercial, Siemens-Martin, High Strength 
and Extra High Strength Grades 


Indiana Steel & Wire Company, - - Muncie, Indiana 


ise TCO > =f 


SMITH HypRAULIc TURBINES 


2 


are built in sizes and types ae Submit your 
to meet almost every conceiv- Problems to our 

ry Dept. ‘‘G’’ and 
ask for Bulletin 
of Designs 


able water power. require- 
ment from the small 
open flume vertical 
shaft unit as 
shown on the 
left, to the 
huge turbines 
of 20,000 to 
» 30,000 h.p. 


' each, as 


a 
a | shown on 
| ' the right. 


There ”s 50 years’ experience, and Plant 
Equipment second to none, back of f 
SMITH TURBINES 


LAY CO 

N SMITH 
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Prevents overheated turbine bearings 


The G-R Multiwhirl Cooler keeps turbine bearing and reduc- 
tion gear oil at the temperature for proper lubricating effect. 
A safeguard against overheated bearings and a help to 
greater oil economy. Over 2000 in use. 


Send for Bulletin 904 
hf 5 ig 
sy sy, The Griscom-Russell Company Gs 


2140 West Street Building, New York 


When a break occurs in the steam header 


leading from boiler room to turbine room the flow can be instantly shut off 


TUTTE EMERGENCY CLOSING VALVE 


Protects the turbine Prevents blowing down of boilers 
Send for Bulletin 8-D-21 
SCHUTTE & KOERTING CO. - -_ 1196 Thompson St., Philadelphia, Pa. 
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—H Motors 


Due to their low temperature rise and heavy 

overload capacity B.T.H. Motors give reliable 

service under the most arduous conditions, To assist in giving full information 
They are manufactured in all sizes over a 4 Hi bere Bah oe ne ae 
° . mm indicate € u (0) [4 
wide speed range and can be supplied for fulfill d < 


either alternating or direct current systems. 


The design of these motors is based on 
extensive experience of industrial drives of 
every description, and thus they are of 
extremely robust construction and give con- 
tinuous service with minimum attention. 


The British Thomson-Houston Co., Ltd. 


Electrical Engineers and Manufacturers 
Owners for Great Britain and Ireland of all patent rights of the G.E. Co., U.S.A. 
Head Office: Rugby, England. *: : London, England: Crown House, Aldwych 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield 


Investment Bankers 


are offered 


'Power and Light Securities 


issued by companies with long records of sub- 
stantial earnings. 


We extend the facilities of our organization to 
those desiring detailed information or reports 


on any of the companies with which we are 
identified. 


Electric Bond and Share Company 


(Paid-up Capital and Surplus $75,000,000) 


71 Broadway ~ - ~ New York 
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You Can Disguise the Expense 
of Faulty Lubrication or 
You Can Avoid It 


Cast Steel Speed Ring being turned in vertical boring mill, 
for one of the four 35,000-h.p. Hydraulic Turbines, built in 
Newport News shops for Muscle Shoals. 


HE unusual facilities of the 
OT infrequently it becomes necessary 


great Newport News Ship- 
building plant are today turning 
out vertical and horizontal tur- 
bines of highest efhciency. Com- 
plete with all the needed collateral 
construction. 


Turbines 

Spiral Casings 

Penstocks 

Surge Tanks 

Flumes 

Regulating gates and operating 
machinery 

Valves 

Trash Racks 

Rack Rakes 


For full particulars on our facilities 
and engineering service, address— 


to install new bearings in machinery 

to replace those that are worn down. 
What shows on the books? ‘Repairs?”’ 
Eventually shafting may get out of line, 
parts show undue wear, the whole machine 
goes bad prematurely. ‘‘Depreciation?’’ 
Dirty oil may drip or be thrown from an 
overhead shaft. Costly material just hap- 
pens to get the full benefit. How do you 
handle the damage? Or, suppose the drip 
is constant, and oil-soaked wood construc- 
tion feeds what would otherwise have been 
a harmless spark. How about the fire 
loss and the interrupted production? Or 
a shutdown results from a burnt-out bear- 
ing. Is anything to be gained by disguis- 
ing this lubrication expense? 


The question of cheap lubricant that is 
used up so rapidly that it becomes ex- 
pensive is insignificant as compared with 
these bigger losses. The real question is 
all-inclusive. How much does poor lubri- 
cation cost? The answer would be a stag- 
gering figure. You can disguise the expense 
of faulty lubrication, or you can avoid it. 
If you prefer to avoid it, may we suggest 
that you read our booklet, ‘‘Keeping Down 
the Cost of Lubrication.’’ A copy will be 


NEWPORT NEWS 
SHIPBUILDING & 
DRY DOCK COMPANY 
NEWPORT NEWS, VIRGINIA 


mailed on request. 


KEYSTONE LUBRICATING CO. 
21st and Clearfield Sts. Philadelphia, Pa. 
Established 1884 


Branch Offices and Warehouses in the principal 
cities of the world 
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Your back copies of the 
GENERAL ELECTRIC REVIEW 


could be made much more useful by a 


Five-Year Index 


The GENERAL ELECTRIC REVIEW 
is planning to issue an index for the years 
1921%1925. It will be alphabetically arranged 
by subject and author, facilitating ready refer- 
ence to articles carried during that period. 


It will be of the REVIEW‘size page, printed 
on heavy glazed stock and bound with a dura- 
ble cover—and the cost—but 75 cents. 


Are you interested enough to give your / 
opinion on the attached coupon and send / 


; / 
it to us? It places you under no obliga- ee 


tion. Be General Electric 
yy. Review 
tb Schenectady, N. Y. 


we Without any obligation on 
7 my part : re bee feel the need for |}}, 


/ a 5-year index. 
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Subscription Rates: United States and Mexico, $3.00 per year; Canada, $3.25 per year; Foreign, $3.50 per year; payable 
in advance. Library and Student Rates: United States and Mexico, $2.00 per year; Canada, $2.25 per year; Foreign, $2.50 per year; 
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GENERAL ELECTRIC REVIEW 


THE VALUE OF ORGANIZED INFORMATION 


With this concluding issue of the year 1925, 
the Review is following its custom of dis- 
tributing a combination subject and author 
index that furnishes classified references to 
the material published during the twelve- 
month period just closing. This event gives 
rise to a consideration of the occasion for 
indexes in general and their service in organiz- 
ing reference information. 

In the case of fiction or general news 
magazines, the subscriber is usually interested 
only in the current issue. And having 
absorbed the portion that attracts his atten- 
tion he lays it aside, abandoned, and looks 
forward to the next copy. Thus he would 
find little or no use for an index to the con- 
tents of past issues. 

These periodicals whose purpose is to 
furnish entertainment or a passing knowledge 
of the weeks’ or months’ events are important 
members of the publication family, and no 
unfavorable comparison is implied when 
attention is now called to those other maga- 
zines that have a more lasting value because 
they deal with the substantial endeavors of 
our daily life, and present information that 
will be constructively useful in these bread- 
and-butter activities. 

For the scientist, the engineer, and the 
professional man, those magazines relating to 
his field should be preserved for future 
reference; and the cost of binding is ordinarily 
justified by having in shipshape form the 
information that may be just as useful several 
years after publication. In fact, the worth of 
published theoretical treatises on fundamental 
phenomena usually increases during the 
process of applying them to practice. Thus an 
index to back volumes is essential to bring 
out the full worth of technical magazines. 

Industry is beginning to realize that the 
platitude ‘‘There is nothing new under the 
sun’’is more often a reality than not. Many 
large corporations are maintaining their own 
libraries in order to have information avail- 
able and organized for immediate use, by 
which means they can avoid unnecessary 
duplication of research effort in fields that 
have already been explored. Since these 
manufacturers find worthwhile the mainte- 
nance of such institutions and trained workers 


to administer them, it is obvious that the 
individual can benefit also in his smaller 
sphere by organizing his collection of data 
which for quick access is simplified by an 
index and its use. 

How often a person untrained in the 
pursuit of information is observed to open a 
book and thumb through it hurriedly back 
and forth with the expectation of finding the 
chapter or tabulation he is seeking! Not 
finding it, although it may be there, he may 
lay the book aside and try two or three others 
likewise, finally abandoning the search as of 
no avail. Except by good luck, he will accom- 
plish nothing but the waste of time by this 
loose practice, for on failing to find the ma- 
terial sought he is not even certain that it is 
absent. 

Compare this chance method with the 
scientific method of one trained in the use of 
books. He immediately consults the index 
and there discovers the page number of the 
desited data or, failing to find it indexed, can 
rest reasonably assured that the book does 
not contain what he wants—all this with the 
minimum of time and effort. 

As much as an index adds to the value of a 
book, it adds more to the usefulness of a 
magazine. The book’s logical development of 
what is usually a single subject is impossible 
of attainment in the volume of a magazine, for 
its going to press cannot await the securing 
and correlation of its total content. Built up 
at regular intervals by the addition of fin- 
ished units, each broader in scope than the 
average book, the resulting volume presents 
a good chronological development but a 
haphazard subject arrangement. The index 
is the logical key to this mixture of subjects. 

In our experience as librarians, we find that 
if one guesses at the date when an article was 
published he is likely to be wrong anywhere 
from months to years, and in many instances 
the magazine in which memory recalls its 
appearance is not the one which published it. 
Hence, we strongly urge the cultivation of the 
“index habit.” It will save time and effort; 
and, what is more important, it will result 
in a higher percentage of information located. 

WituraM F. Jacos, 
Main Library, G.E. Co. 


In connection with the subject of indexes, we call attention to the announcement on the page 


facing the Table of Contents.—Epiror. 
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The Marine Screw Propeller 


By C. MAcMILLAN 
INDUCTION Motor ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


The field of the electrical engineer is no longer confined to the dry land, for there is a great and con- 
stantly growing demand for the replacement of marine reciprocating steam engines by more compact and 


more efficient prime movers for electric propulsion. 


In presenting this article on the screw propeller, Mr. 


Macmillan has brought out in a clear way the intricate problems of propeller technique in order that the 


engineer may gain further insight into the process of transforming rotational mechanical power into useful 


hydraulic thrust at the stern of the ship.—EDITor. 


Introduction 


Until recent years the development of the 
screw propeller proceeded in close conjunc- 
tion with that of the reciprocating engine. 
This combination of propulsive mechanisms 
was practically the only one with which 
marine engineers were concerned, and the 
main elements in the standardized power 
equipment were evolved in harmony with 
their mutual demands. 

Modern marine practice, however, includes 
several alternative types of equipment such 
as the direct-coupled steam turbine, the 
direct-coupled oil engine, the steam turbine 
with mechanical single or double reduction 
gears or with electric transmission, and the 
high-speed oil engine also with electric, 
mechanical or hydraulic transmission gear. 
The apparatus required for these various 
types has been adopted for marine purposes 
after reaching advanced stages of develop- 
ment in other fields, and consequently the 
marine engineer has become dependent upon 
the co-operation of the specialists in those 
fields. However rapidly he may acquire 
familiarity with the new resources at his com- 
mand, the co-operation of engineers more 
familiar with high-speed steam turbines, gears, 
oil engines, and electrical apparatus, will 
always be valuable to him, and such co- 
operation may be rendered even more effective 
if these other engineers in their turn possess a 
clearer comprehension of the special prob- 
lems involved in ship propulsion. 

In the following article an analysis of the 
operation of the screw propeller is given 
which may assist engineers in forming a clear 
and plausible conception of the process by 
which mechanical power is utilized to drive a 
ship. Such a conception is not easily obtained 
from the methods which have proved most 
satisfactory for purposes of successful design 


and accurate prediction of propeller per- 
formance. 


The Screw Propeller as a Pump 


The screw propeller, or for brevity, the 
screw, 18 primarily an axial reaction pump 


without casing and its main duty is to dis- 
charge a column of water astern relative to 
the ship to which it is attached. If the ship is 
held stationary, the whole of the rotational 
power required to drive the propeller shaft is 
dissipated in the stream of water established. 
If the vessel is allowed to advance with a 
velocity of V_ knots a certain portion of the 
power supplied is usefully employed in 
driving the ship at this velocity against the 
resistance which is experienced by the hull in 
advancing through the water. As an example 
we may consider the various conditions under 
which a tow boat operates, assuming a 
constant rotational speed of the propeller 
shaft of N r.p.m. 

(1) The tow boat may be used to hold a 
liner against her dock by pushing broadside 
on. In this case the screw provides a large 
stationary force, but delivers no mechanical 
power since the tow boat does not advance. 
The power of its engine is entirely dissipated 
in the wake stream. 

(2) The tow boat may tow a heavy string 
of barges at a low speed V_,, exerting a force 
T; on the tow line. In this case a portion of 
the power is recovered as the useful mechan- 
ical power measured by the product TX V4. 

(3) With a much lighter tow we may 
denote the useful power by 72 X V.,, in which 
case JT, is smaller than 7; but V., is greater 
than V ,,. 

(4) We may further suppose that instead 
of towing, this boat is towed by a second 
vessel of greater power and at such a speed 
that the thrust block of the first tow boat is 
relieved of all thrust. We may denote the 
speed at which this occurs by V», since it is 
determined by the pitch P of the propeller and 
the speed of rotation N which we assumed as 
constant throughout. 


Flow of Water Through the Propeller ‘ 


We may now attempt to visualize the con- 
ditions in the stream of water flowing through 


the screw in these four cases, and also imagine ~ 


any number of intermediate cases involving 
different values of thrust and speed, so that 


ee ee ee i ae 


equation 
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finally we shall have the complete range from 
the case of the vessel at standstill, with 
greatest thrust, to the case in which the 
thrust entirely disappears at the speed V>. 
At standstill the screw delivers a nearly 
cylindrical stream astern, which gradually 
converges to a minimum diameter at some 
point in the rear. In front of the wheel, the 
water required to maintain the wake stream 
is drawn from all directions towards the hub 
of the propeller but before reaching the hub 
the stream lines all converge into directions 
nearly parallel to the shaft. The complete 
stream lines are very similar to those which 
would be formed by water approaching and 
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Fig. 1. Constant Torque Contour Curves 
(Replotted from Dyson's ‘The Screw Propeller") 


issuing from a circular hole in the side of a 
vessel under pressure. In the latter case the 
converging stream is maintained by the 
difference of pressure within and outside of 
the vessel. In the former the converging 
stream receives the necessary forces from the 
propeller blades. In order that the stream 
may converge, it must be accelerated. Pres- 
sure energy must be converted into energy of 
velocity, and neglecting frictional losses the 
total energy is unchanged in amount. These 
statements are equivalent to the Bernoulli 


cp +b’ =a (1) 


(1) See also Analysis of Propeller Performance, by the author, 
Proc. Inst. Engineers and Shipbuilders of Scotland, Feb, 14, 1922. 


where p is the pressure per square inch and v 
is the velocity at any section of the stream 
and c, b, and a are constants. 


Propeller Characteristics Depend Upon Velocity 


When the boat is allowed to advance with 
velocity V.,a new force is introduced which is 
proportional to V7. At the stream section in 
which the propeller operates this new force 
proportional to V_? relieves the screw of part 
of its accelerating duty. The velocity ° 
necessary to maintain the steady flow through 
the wheel remains constant. Relatively to 
the wheel it is always approximately V», so we 
may write equation (1) in the form 


cp+oV =aV;,? 
or cp = aV,?—dV? 


Let O represent the effective area of the screw 
disc, and let K be such that K XO =c. We may 
also select constants A and B such that 
a=K Aandb=K B. 
Then 
KOp=KAV,?*—KBV,? 
or Op=AV,?—BV? 


But O» represents the total thrust 7 on the 
propeller; therefore 


T=AV,?—BV,2 


Fig. 1 is a replot of a torque contour curve 
(propeller of U.S.S. Delaware, from Dyson’s 
“The Screw Propeller,’’)/ substituting squared 
velocities as ordinates. This graph reveals 
certain characteristics of the propeller more 
clearly than the original contour, which is 
shown in dotted lines for comparison, 

The deviations from the rectilinear graphs 
at zero knots represent the breakdown, some- 
times termed the vortex condition, in which 
an increased value of r.p.m. is evidently 
required to maintain the constant value of 
torque. The deviations also indicate the 
substitution of projected area for disc area 
as the effective area of the propeller. They 
demonstrate that the propeller without 
rotation requires increased values of the 
speed of advance to maintain constant 
thrust, with corresponding constant values of 
torque. 

Incidentally, the different slopes of the 
graphs in the first and third quadrants of the 
diagram show clearly the difference of true 
pitch of the same propeller when using the 
face and back of the blade, respectively, to 
produce positive pressures, The correspond- 
ing contours for constant thrust are very 
similar in form. 
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Within the limits set by cavitation such 
contours furnish the complete data of pro- 


peller behavior under any conditions of opera- — 


tion when not affected. by the proximity of 
the hull. For specified torque definite cor- 
responding values of (r.p.m.)? and (Vere 
determined. Maintaining the same value of 
eae the values of torque and thrust for any 
t pm. 
other value of r.p.m. or V are easily obtained 
by means of the formula 
To Qo _ geht a8 


Tie Oy (t:p.m.)3 Para 


Examples of graphs deduced from con- 
tour curves by these methods are given in 
Dyson’s ‘‘The Screw Propeller,’ pp. 396 to 
404, inclusive. 

Experiments with model propellers demon- 
strate that the changes of torque with any 
given propeller due to changes of thrust are 
closely proportional to the latter. Therefore 
the equation for torque, Q, may be in the 
same form as the thrust equation. Using 
suffixes to distinguish the constants, we may 
write 


T=A;V,?-B,V 7 (2) 
and 


Q=AiV—BV i (3) 


where Q=torque in lb.ft.X2.12. This is 
the equivalent force concentrated at the 
radius of gyration instead of at 1 ft. radius as 
usually used for torque. 

Although there are many secondary con- 
siderations which in actual practice modify 
the simple relations given above, it is never- 
theless convenient to retain equations (2) and 
(3) as the basic expressions for thrust and 
torque respectively. The graphs shown in 
Fig. 2, which are replotted from Prof. W. F. 
Durand’s ‘‘Researches on the Screw Pro- 
peller,”” demonstrate the advantage of plotting 
thrust and torque against (1—s)* rather than 
against s or l1—s. The two models selected 
are those for which tests at zero speed of 
advance were available, and indicate approxi- 
mate proportionality between T, Q and (1—s)? 
from s=0.1 to s=1.0. 

The simple proportionality between changes 
of thrust and torque would involve a cor- 
responding proportionality between total 
thrust and total torque were it not for the 
incidental frictional forces involved. The 
same experiments indicate, however, that 
these may be recognized without seriously 
affecting the simplicity of the equation. Test 
results for a given propeller with N held con- 
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stant may be represented very approximately 
by an equation of the form 


T=70-q (4) 
where / is constant for any speed of the pro- 


peller and q is constant for the value of NV at 
which tests are taken. 


Propeller Characteristics Depend Upon Shape 
In order to compare propellers of different 
forms it is necessary to specify certain 
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(Replotted from Durand’s “Researches on Screw Propellers,” 
Bulletin No. 79) 


important dimensions and characteristics of 
each. The most important may be defined as 
follows: 
d—diameter of circle through tips of 
blades, in feet. 
p—geometric pitch in feet. This is 
the axial distance between succes- 
sive turns of the helix from which . 
the faces of the blades are ob- 
tained. 
m.w.r.—mean width-ratio, the ratio of the 
expanded area of one blade divided 
by the length of blade, tip to hub, 
relatively to the diameter d. 
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b.t.f—blade thickness fraction. The 
section of the blade in the plane of 
the shaft is usually bounded by 
two straight lines which intersect 
near the blade tip and cut the 
shaft axis at two points some dis- 
tance apart. The ratio of this 
distance to the diameter d is called 
the blade thickness fraction. 
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Fig. 3. Graphs of Thrust and Q = Torque X 2.12 
(From Taylor's **Speed and Power of Ships,'’ Vol. I1) 


d.a.—disk area in sq. ft. 

h.a.—helicoidal area—the sum of the 
expanded or developed areas of all 

the blade faces, in sq. ft. se 
p.a.—projected area—area of projection 
of all blades on a plane perpen- 

dicular to the shaft axis, in sq. ft. 
Since the blade section is almost invariably 
ogival, that is, straight on the blade surface 
with a circular arc on the back, and since 


the outline of the blade surface usually 


differs but little from the elliptical form, the 
values of the quantities defined above serve to 


specify the form and size of a propeller with 


sufficient accuracy. The number of blades 
and the hub diameter should also be stated. 
The graphs of Fig. 3 demonstrate the 


advantage of as abscissas for test 


(1—s)? 


‘results where V,, remains constant. In these 


examples (from Taylor’s ‘‘Speed and Power 
of Ships’’) the effects of varying blade width 
and section are clearly visible. 

With propellers of similar form, the con- 
stants p, m.w.r., and b.t.f. are proportional to 
d, and d.a.; h.a. and p.a. are proportional to ad’, 
and to these wheels the laws of similitude are 
directly applicable when they operate under 
similar conditions. Such conditions are 
sufficiently identified when the geometric slip 
is the same in each case. The geometric slip is 
most simply defined with reference to the 
symbols V»,and V,, where V,,is the speed of 
advance of the screw in space, and Vy, is the 
speed of advance which would be obtained by 
calculation from the known r.p.m. and 
geometric pitch of the screw without allow- 
ance for slip. Then the geometric slip 

S¥G=¥y 
0 V> 

By selecting the same value of slip for two 
similar propellers we are enabled to apply the 
law of similitude in the form 


Vil 

7272 

Bee \ 1 l; Ps ( 1 ) 

Fy, pvelrs(2*) 
V2 


to any corresponding forces where 
F,, Fy—are any corresponding forces ap- 
plied to or exerted by the two 
wheels. 
Vi, Ve—are any velocities of corresponding 
points in corresponding directions. 
lh, k—are corresponding linear dimen- 


sions. 

Pi, Px—are corresponding densities of 
fluids. 

V%U—are corresponding viscosities of 
fluids. 


(74) a function which is constant in 
1 


form for similar wheels. It has been 
demonstrated by experience that 
iC) is also constant within 
1 

the limits of accuracy attainable, 
so that the formula reduces to 

ey ey ih Vi 1,? 

Fy P2 V2? 1? 
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and since there is usually little 
difference of water density in the 
cases compared, the factors p; and 
p2 may be omitted, leaving 
Fy_Vitle 
Fy V1? 

Selecting total thrust T as represented by 
F,,F2, diameter d as represented by h, 2, and 
tip speed of blades V; represented by Vi, V2, 
we find that: 

For constant tip speed 

14 a a (d.a.), > (p.a.)1 
T2 ds? (d.a.)2 (p.a.)e’ 
for constant diameter 
Ti_(Vi2)?_ (Ni? 
Tz (Vx)? (Ne) 
and for constant thrust 
(Vi)?_ di? _ (Ni)? di? 
(Vi)? di (Na)? de? 
and therefore 


Ni? _dy* _ pet 
NP dt pit 
Since V, and V., are also proportional to V,, 
we have, with constant thrust, 
( Vo)? mut Ws ~~ d*, 
(Veen V22 ede 
or poe oer os 
VS Pei on 
_From these formulas we may derive others 
giving the relations of power and speed, for 
different dimensions as follows: 
Ti fa Vin? de? 
T, Vue d? 
The useful horsepower is represented by 
TXV_,. Therefore 


hp: TiVin Vaid Vo? a2 
hp» a T2V 2 V3 dy? me V».3 de? 
_Nipid Ndsde Nid, 
~ NS po dy? Nydas dy? ia INA A 


Use of Standard Models 

By the aid of these formulas or others which 
may easily be derived from them, the char- 
acteristics of any proposed propeller design at 
any proposed speed may be deduced or 
estimated from the recorded tests of the most 


nearly similar standard models. The results 
are not directly applicable to the full sized 
propeller when operating behind its proper 
hull, but must be modified from the results of 
experience with f1!! sized vessels by some such 


methods as those developed by Admiral 
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Dyson in his book on ‘‘The Screw Propeller.” 
Especial care must be taken that the mere 
numerical application of the formulas of 
similitude does not result in such excessive 
pressures or linear speeds that cavitation 
occurs. Cavitation sets in when the water 
pressure at some point falls below that neces- 
sary to maintain continuity of flow. 

When considering variations in the design 
of a propeller, or comparing propellers which 
depart from strict similarity, perhaps the 
most important case is that in which different 
pitches are involved, or rather different pitch 
ratios as expressed by the fraction f Without 
revising the complete design, it is frequently 
sufficiently accurate to assume that the 
thrust varies in some cases as the sine, in 
other cases as the tangent of the effective 
pitch angle. The latter may be defined as the 
pitch angle of the blade face at a radius of 
V2 

The conditions which determine the selec- 
tion of the sine law or the tangent law have 
not been clearly defined. The tangent law 
seems most applicable to the finer pitches, 
including all normal propellers up to a pitch 


ratio =1.3. 
which indicate that for any given speed of 
rotation the law changes at a certain ‘critical 
force on the blade whether due to change of 
pitch or of slip. In any case the difference 
between the results obtained by selecting 
either of the two alternatives in comparing 
moderate changes of pitch is so small that the 
distinction is not of practical importance. 


There are also test results 


Effect of Proximity of Hull on Propeller Operation 

The foregoing paragraphs furnish a fairly 
definite conception of the normal operation of 
a normal propeller, unaffected by the prox- 
imity of the hull. Such conditions are 
obtained in practice in the case of vessels with 
fine lines, and with the screw set out at a 
sufficient distance from the hull, and mod- 
erately loaded, as for example, in the case of a 
torpedo destroyer running at three-quarter 
speed or less. 

When the required conditions of speed, 
power, etc., are favorable, the propeller 
designer will select those dimensions and pro- 
portions with which the highest efficiency can 
be secured. The most efficient propellers 


have a pitch ratio c =1.2 or over. The most 
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efficient number of blades for a given form is 
two, but this arrangement would usually 
deliver insufficient power and introduces the 
risk of objectionable vibration, so that the 
three-blade propeller offers a most  satis- 
factory compromise. The m.w.r. should be 
in the region 0.2 to 0.25, giving a value of 
a of approximately 0.3. The geometric slip 
for maximum efficiency is nearly 20 per cent. 
In order to avoid risk of cavitation, the thrust 
should be limited to give a thrust pressure not 
exceeding 10 lb. per sq. in. of ‘“‘projected”’ area 
or p.a., and the tip speed should not exceed 
10,000 ft. per min. By careful designing much 
higher values have been used without encoun- 
tering objectionable cavitation, but it is not 
usually necessary in normal design to overstep 
the limits given above. Heavy loading usually 
reduces the efficiency even when no objection- 
able features are apparent and a considerable 
reduction of efficiency may completely escape 
notice. 


Restrictions Upon Efficient Design 
There are two factors which frequently 
interfere with the free design of the most 
efficient propeller for a proposed equipment: 
(a) The space available at the stern of the 
ship will not accommodate the diam- 
eter of the best wheel, and 
(b) The best rotational speed for the 
wheel is unsuitable for the engines. 


To meet objection (a), four blades instead 
of three or two, may be used, and the m.w.r. of 
the individual blades may be made as high as 
0.35, instead of the ideal value of 0.25. The 
combination of these two factors may raise the 
value p.a./d.a. above 0.6, instead of 0.3. 
This change is always accompanied by a con- 
siderable loss of efficiency and the power 
obtained does not increase in proportion with 


= but more nearly as ee 

Heavy loading requires increased strength, 
involving increased blade thickness, with 
consequent reduction of efficiency. On ac- 


count of objection (b) it is frequently neces- 
sary to resort to fine pitch screws of f=0 Sor 


less. This is the chief cause of inefficiency in 
the propellers of standard cargo boats. When 
considering the effect of pitch ratio on the 
performance of a propeller it is necessary to 
remember that the true pitch may be very 
different from the geometric pitch. The 
difference is chiefly due to the curvature of 


the blade back, and is therefore greatest in 
the case of thick and narrow blades. These 
behave as if the true pitch were much greater 
than the geometric pitch. Although a thick 
narrow blade may imitate a normal blade of 
greater geometric pitch in its relation of 
speed and power, the two are not necessarily 
equivalent as to efficiency, nor does the true 
pitch of the thick blade necessarily remain 
equivalent to that of the other over any great 
range of slip. True pitch is apt to change 
with large load and slip of abnormal opera- 
tion, a subject which calls for separate treat- 
ment. Propellers of normal design may be 
said to be in normal operation when running 
at steady speed, thrust and torque with 
geometric slip of 5 to 25 per cent. All other 
values of slip, all unsteady conditions, and all 
speeds with reversed rotation of the propeller 
may be considered as abnormal. Many of 
these abnormal conditions are of practical 
importance, 


Abnormal Operating Conditions 

It is useful to have some comprehension of 
the state of affairs when a propeller starts, 
stops or reverses a ship, or varies its load 
rapidly in a rough, pitching sea. 

Returning to our example of the tow boat 
with engines running at constant rotational 
speed, we may add a fifth case not covered 
in any of the four already mentioned. 

(5) Assume that the tow boat is towing a 
large and powerful liner whose engines are 
stopped. Next assume that for some reason 
the liner starts her engines full speed astern, 
overpowers the tow boat, pulls her back- 
wards against the operation of her own screw. 
What will be the effect on the thrust and 
torque of the tow boat's propeller shaft? 

If our basic equations (2) and (3) were 
exactly and universally true we could obtain 
the answer directly from them and could plot 
curves of 7 and Q against V., which would 
give the whole history of the operation, even 
if the tow boat were overpowered to the 
extent of being dragged astern at full speed. 
Equation (2), T=A,V,?—B.V.? would show 
that in the latter case, when V,=—V», T 
would be approximately equal to zero (since 
A,and B, are known to be nearly equal, from 
tests on model propellers). 

The actual course of affairs is very different. 
In the first place V», depending as it does on 
the true pitch of the propeller, is not constant 
up to 100 per cent slip, and so the thrust at 
standstill may be considerably greater than 


Vo," = V. a = Vy" 
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These larger values may be maintained up to 
about 115 per cent slip (V,=—0.15 V»,). 
Here a maximum value is reached, and there 
is a breakdown of thrust to a minimum value 
at about 130 per cent slip. Then the law of 
the propeller changes entirely, and above 
140 per cent slip the thrust increases almost 
directly proportional to the slip, and at a rate 
which is nearly twice as great as that occur 
ring with small slips of 5 to 10 per cent. The 
curve of torque closely imitates the thrust 
curve as described above. The unstable 
range from 110 per cent to 140 per cent has 
been described as a vortex condition by some 
writers on the subject. At this stage the 
front of the propeller is receding from instead 
of advancing into the water which is furnish- 
ing the stream through the wheel. At about 
110 per cent slip, or 10 per cent speed in the 
reverse direction, it becomes easier to obtain 
the necessary supply from the high pressure 
region behind the wheel, so the water spills 
or short circuits from face to back of blade, 
chiefly over the blade tips. The small cir- 
culating mass of water requires much less 
accelerating force to sustain continuous flow 
and the reduced accelerating force required 
from the blades is represented by minimum 
values on the thrust and torque curves. As 
the speed astern increases this local circulat- 
ing water is washed away from the wheel. 
At 140 per cent slip the wheel is meeting water 
at velocity 0.4 V, which it must stop and 
reject at a velocity Vy» relatively to itself in 
order to maintain a steady flow. At 200 per 
cent slip or 100 per cent speed astern, the 
screw exerts a thrust which may be over twice 
the first maximum occurring at 110 per cent 
slip. This condition may easily occur in 
practice. For example, if a fine lined vessel 
such as a destroyer is proceeding at low speed 
astern, and the engines are suddenly thrown 
to full speed ahead the available power will be 
sufficient to run the propellers up to the same 
T.p.m. in the opposite direction of rotation 
and to do this before the vessel has reduced 
her speed astern to any appreciable extent. 
The thrust exerted to reverse the ship will 
then be over twice the steady thrust astern 
which is maintained by the same value of 
t.p.m., before reversal. 
For brevity we may describe this operation 
as follows: 
V» constants 
Vi=—-V> 
T =2.0 T, where T7,.is the steady thrust 
obtained by running at N r.p.m.,, 
with the vessel going ahead. 
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Where sufficient engine power is available, 
as in the case just described, the complete 
operation of reversal consists of two stages. 


(1) Reversal of propeller: 
we +1.0 to —1.0 


Va 
(2) Reversal of ship: 
Spare 
Von 1.0 to+1.0 . 


The thrust and torque curves representing 
operation (2) are of similar type, but different 
proportions as compared with curves for 
operation (1). Defining 7, as before, the 
minimum value of T occurs at standstill and is 
equal to 0.4 7, approximately. The maximum 
value is equal to 1.0 7, approximately and 
occurs at ie =0.5. At—%=—1.0, T reaches 

A A 
a value of approximately T=2.5 Ty. 

The changes in stream flow through the 
wheel when = Vis less than V_,must be con- 
ceived as somewhat different from those 
which occur while + Vis less than Vy. In 
each case the forces due to velocity V_, tend to 
establish a cylindrical stream relatively to the 
wheel, while the forces due to Vy» establish a 
convergent stream. The resultant form of 
stream depends on whether V, or V» is 
greater. When V,, passes through zero value a 
condition which has been referred to as the 
vortex state is established. On the other 
hand, when Vy» passes through zero value, 
the thrust which it opposes to the stream 
velocity depends mainly on the projected area 
of the blades. When a sufficient rotational 
velocity is imparted to the wheel, the whole 
disc area becomes effective. This transition 
has been clearly demonstrated in the case of 
flat sector discs without pitch at the experi- 
mental tank of Messrs. Denny Bros., Dum- 
barton. When definite pitch is added to the 
disc so as to form a true screw additional 
forces are present due to the rotational 
acceleration imparted’ to the cylindrical 
stream in passing between the blades. 

The complete characteristics of a propeller 
during reversal in either direction could be 
recorded in eight graphs as indicated in 
Table I. 

These same graphs also cover conditions 
which may be encountered due to pitching of 
the vessel in rough seas and due to rapid 
operation of the rudder in the case of twin, 
triple, or quadruple screw vessels. The 
graphs have been described relatively to 
T,and Q,,the total thrust and torque at con- 
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stant speed ahead at Nr.p.m. Since different 
propellers may be designed to deliver the 
same power at the same r.p.m., and con- 
versely since the same design may be utilized 
under different rated conditions, it follows 
that the maximum torque and thrust of a 
propeller will apparently vary according to 
the value of Q, and Ty, to which they are 
referred. This question is of practical 
importance since there is a widespread belief 
that certain propellers, otherwise equivalent, 
show marked differences in their ability to 
maintain power and speed in a heavy sea. 
This ability is also affected by blade width as 
clearly shown in Fig. 38. The reserve value or 
overload capacity of a wheel seems to depend 
on both d.a. and p.a., that is to say, primarily 


in conjunction with a hull having full lines aft 
such as those of practically all cargo vessels. 
Thrust deduction: Since the immersed 
hull surface at the stern is near the screw, the 
suction of the latter is partly exerted on the 
ship’s surface and tends to drag the hull 
backward. The part of the total propeller 
thrust which acts in this way is cancelled, 
since the action and reaction are equal and 
opposite. In magnitude this thrust deduction 
may amount to anything from 0 to 20 per 
cent in practical cases, so that T,—t,=0.8 Ty 
where 7, represents the total designed thrust 
of the propeller with hull absent and t, repre- 
sents the thrust deduction. In this case 0.8 
T,, denotes the net useful thrust on the hull. 
(A thrust meter on the propeller shaft would, 


TABLE I 
Conditions Graph Surface of Blades 
js et = 1. 0to—1,0 - 
A ; \ Plot Thrust against 7 On blade face 
V4 =constant A 
(2) Same Same On blade back 
(3) Same Plot Torque against a On blade face 
A 
(Lbs. at radius of gyration) 
(4) Same Same On blade back 
Vig 
(5) | Pee se et Plot Thrust against ie On blade face 
V, =constant _ 
(6) Same Same On blade back 
(7) Same Plot Torque against a On blade face 
p 
(Lbs. at radius of gyration) 
(8) Same Same On blade back 


on-the diameter, and also on the number of 
blades and blade width. It is, however, 
doubtful whether the overload limits are ever 
reached in wheels of normal design. This is 
one of the questions which might be cleared 
up by observations on ships equipped with 
electric drive where even rapid variations of 
torque may be estimated with very fair 
accuracy from the ammeter readings. 


Thrust Deduction and Wake Allowance 

The ammeter readings depend on the com- 
bined behavior of propeller and hull. It is 
therefore important to have some conception 
of the chief modifications of apparent pro- 
peller characteristics due to the presence of 
the hull. Two of these are of primary 
importance; the magnitude of each is greater 


however, register the total thrust J7,y, not 
0.8 Ty). Evidently the thrust deduction 
factor, in this case 0.8, is one which lowers 
the propulsive efficiency in this same ratio. 
Wake factor: A moving hull without a 
propeller, for example, that of a sailing ship, 
drags a certain mass of water with it which 
appears as a following wake at the stern. Ifa 
propeller revolves in such a wake without 
thrust it must revolve at lower speed than if 
there were no following wake. This lower 
speed would be suitable for zero thrust if the 
vessel had no wake but advanced at lower 
speed. In each case the additional number of 
r.p.m. required to secure the same thrust T 
and the same torque Q, would be equal, and 
would require the same engine power. Denot- 
ing the speed of the following wake by V,, and 
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the speed of advance of the ship by V,, the 
power input to the shaft would be that cor- 
responding to the speed of V,—V, for the 
propeller, but the useful work done on the 
vessel would be TX V,, not TX(V—V,,). The 
power is therefore used more efficiently. 
Some of the energy which would have been 
required to tow the hull at a speed V, has 
been recovered by the propeller. In a some- 
what similar manner the efficiency of a tur- 
bine or turbine pump is increased by the use 
of fixed guide blades which impart an initial 
velocity to the fluid in a favorable direction 
before delivering it to the impeller for accelera- 
tion. 

This principle has been utilized more fully 
in recent practice. Successful results have 
been obtained by equipping ships with 
definite guide vanes resembling the blades of a 
stationary propeller which serve to recover 
some of the power that would otherwise 
disappear as energy of rotation in the wake. 
Marked improvements in efficiency are 
claimed for this type of equipment. 

The methods of allowing for modifications 
due to known or assumed values of thrust 
deduction and wake factor are very simple. 
If V,; and 7; for the ship are known the 
calculations may be based on the data for the 
propeller alone, selecting a smaller value of 
Vip= Va,— Vanda larger value of T,=7T,+t 
to represent the conditions to which the 
propeller must conform. 


The Circulation Theory 

The popular interest aroused by the appear- 
ance of the Flettner rotorship has called forth 
many articles in the technical press, and some 
of these have included clear explanations of 
the hydrodynamic principles utilized by the 
rotating cylinders. These explanations in- 
volve the application of the circulation theory 
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to one of the simplest cases. A more complex 
case involving the same phenomenon is 
found in the production of propulsive forces 
by the blades of a rotating propeller. Dr. 
S. E. Slocum has -designed propellers in 
accordance with the requirements of the cir- 
culation theory for which appreciable im- 
provements in efficiency are claimed. These 
propellers have blades of radially varying 
pitch with the object of securing maximum 
efficiency of operation for each blade element. 

These methods of design constitute a 
marked advance in marine engineering, since 
they bring the design of propeller blades 
within the scope of mathematical treatment. 
They do not, however, detract from the value 
of the process outlined in the foregoing para- 
graphs by means of which the variations of 
propeller performance under varying condi- 
tions of operation may be studied, whatever 
the efficiency of the propellers may happen 
to be. 

The test data on propellers designed in 
accordance with the hypothesis of Dr. Slocum 
are not sufficiently numerous to furnish a 
basis of comparison with those of the Taylor, 
Durand, or Schaffran series of standard 
models with true helical blades, but it would 
seem that the methods of the equivalent 
blade element should be equally applicable to 
propellers with any blade form of reasonable 
efficiency. 


Conclusion 

The foregoing outline does not attempt to 
insure more successful design or greater 
accuracy of prediction in dealing with the 
performance of propellers under the varied 
conditions which may occur in practice, but 
it may serve to explain their characteristics 
more graphically and simply than the methods 
in common use. 
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Tie-in Transformer Equipped with Load 
Ratio Control 


By M. H. Bates 


TRANSFORMER ENGINEERING DEPARTMENT, PITTSFIELD WORKS, 
GENERAL ELECTRIC COMPANY 


The equipment for controlling voltage through transformer action may be classified into two groups: 
that which serves to maintain uniform voltage on a circuit of moderate capacity and potential, and that which 
ties together two circuits or systems of higher capacity and voltage in order that an excess capacity in either 
will be available to the other in regular or emergency operation. Induction voltage regulators fulfill the first 
purpose ideally but are inadequate for the second. Consequently, tie-in transformers equipped with load 
ratio control are employed in the latter service. The following article outlines the various operating prin- 
ciples that have been incorporated in the design of such transformers, and then describes a particularly large 


unit that utilizes the preferred features.—EpDITOR. 


Introduction 

The rapid growth in the number of power 
generating plants and the tying together of 
large stations has made necessary the voltage 
regulation of larger blocks of power and also 
of higher voltages than properly belong in the 
field of induction voltage regulators. 


Fig. 1. View of the Low-voltage Side of the 36,000-kv-a. 
Tie-in Transformer, Showing the Load Ratio Control 
Mechanism in the Foreground 


Three general schemes have been used for 
tie-in purposes: 

(1) The use of various methods of shunt- 
ing the tap section of the transformer with a 
reactor while the change in ratio is being 
made. 

(2) The use of two parallel tapped wind- 
ings in the power transformer itself, each 
winding capable of carrying the entire load 
while the ratio of the other is being changed. 
After the complete operation, the two wind- 
ings are again in parallel for normal service. 


(3) The use of parallel tapped windings 
in an auxiliary ‘“‘boosting and bucking”’ 
transformer or auto-transformer, the opera- 
tion being similar to that of the second 
scheme. 

The varied and complicated problems of 
interconnection necessitate the use of modi- 
fications of these schemes. A description 
will now be given of an installation wherein 
a combination of the second and third scheme 
is used. 


36,000-kv-a. Tie-in Transformer with Load Ratio 
Control 

The most recent installation of a trans- 
former equipped for ratio changing without 
removing the transformer from service or 
interrupting the load is at the Colfax Gener- 
ating Plant of the Duquesne Light Company 
near Pittsburgh, Pa. This transformer is 
of the three-phase core type, rated 60 cycles, 
36,000 kv-a., 66,000-59,400Y /72,600Y volts, 
and acts as a tie between the 66,000-volt 
system of the Duquesne Light Company and 
that of the West Penn Power Company. It 
will make possible the obtaining of 10 per 
cent buck and 10 per cent boost, each in 9 
steps, the resultant voltage being inserted 
in the tie line. Over a wide voltage range, 
these systems will thus have a means of regu- 
lating the wattless current flowing between 
them. 

The mechanism for changing the ratio of 
this unit and for operating the oil circuit 
breakers is practically a duplicate of that 
which has been in service since October, 
1924, on four 20,000-kv-a. units built for the 
Philadelphia Electric Company. 

In detail, the equipment of the 36,000- 
kv-a. unit for ratio changing under load con- 
sists of: two outdoor, cam-operated circuit 
breakers; a properly timed mechanism 
with its connecting rod, stuffing box, and 
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intermittent gear; and two five-point star- 
type ratio adjusters with common neutral. 
There are 19 tap positions listed on the 
name plate. The total time required to oper- 
ate the mechanism from maximum lower to 
maximum boost is 36 sec. A weatherproof 
housing encloses the mechanism and its con- 


Fig. 2. The Ratio Adjusters and Intermittent Gear as 
Mounted on the Transformer Cores and Windings and 
Viewed from the Low-voltage Side 


nection through the main tank, and all the 
doors are sealed by one lock. The mecha- 
nism and circuit breakers are mounted on the 
same truck as the main transformer, and thus 
the entire installation may be moved as a 
unit. The whole unit including the 20 radi- 
ators and the oil weighs approximately 75 
tons. Fig. 1 shows a view of it completely 
assembled. Through the opening in the 
upper housing door may be seen a numbered 
strip which indicates the tap then in opera- 
tion. A Selsyn indicator on the switchboard 
also furnishes the operator with the same 
information. The mechanisms is controlled 
at the switchboard by a double-throw push 
button. 

The electrical operation of this auto-trans- 
former is very novel and interesting. For 
instance, it was considered advisable to place 
the ratio adjusters, and thus the regulating 
windings, in a circuit of moderate voltage 
rather than in the 66,000-volt circuit which 
is to be regulated as described later. 


Fig. 2 shows the arrangement of the in- 
ternal structure, from which it will be seen 
that -two three-phase cores are used, thus 


making two transformations of the power. 
In the diagram of the electrical connections 
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of the unit, Fig.3, these cores are designated as 
Core No.1 and Core No. 2. Each phase of core 
No. 2 is identical, and the same is true of 
each phase of core No. 1 with the exception 
that one point of the regulating winding 
(core No. 1), numbered 10, is grounded 
through the tank. The numbered circles 
in this diagram refer to the terminal lead 
markings of the actual transformer. 

On core No. 7 there are three windings: a 
66,000-volt exciting winding Y-connected to 
one system; a regulating winding delta con- 
nected and composed of four equal sections 
per phase; and a winding which is termed 
the ‘‘Tickler’’ winding, having a voltage 
equal to one-half of one section of the regu- 
lating winding. There are two sets of five- 
point ratio adjusters, having three such ad- 
justers in each set. One simultaneously 
operating set is designated as M in Fig. 3 
and the other similarly operating set as N. 
The five points of each regulating winding 
are connected to five points on a corre- 
sponding ratio adjuster of each set. 

On core No. 2 there are also three windings: 
a series winding connected directly into the 
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Fig, 3. Wiring Diagram of the Transformer, Showing the 
Connections of the Series, Parallel, Regulating, Tickler, 
and Exciter Windings, Also Those of the Ratio 

Adjusters and Circuit Breakers 5 


tie line between the two systems; and two 
equal parallel windings one of which is in 
series with the tickler winding on core No. 1. 

Outside the unit there are two 600-amp. 
15,000-volt oil circuit breakers designated as 
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-X and Y. The neutral point of the M ad- 
justers is connected through the tickler 
winding and one of the parallel windings, 
and then through circuit breaker X. The 
neutral point of the N adjusters is connected 
through the other one of the parallel wind- 
ings, then through circuit breaker Y. The 
corresponding outside phase terminals are 
next joined and this junction carried back 
to the regulating winding, arriving at a point 
one-quarter of one section from its middle 
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Following now through one of the tap posi- 
tions, for instance, indicator position 3 as 
listed on the name plate and corresponding 
to 7 units of voltage boost, it will be found 
that both adjusters are connected to point 
20 (on the name plate) located as J in Fig. 3. 
It will also be noted that the Y breaker is open. 
There is then no circuit closed through the N 
adjusters. Following the voltage direction 
through the M adjusters, there will be found 
four plus four plus one units in one direction 


FORM D CYCLES 60 


TO CiRcuIT 
BREAKER*Y" 


DEVELOPED WINDINGS 


APPROX. WEIGHT TO BE LIFTED WHEN UNTANKING 50800 POUNDS 
APPROX. WEIGHT OF TANK AND FITTINGS 36500 POUNDS 

NO.10 TRANSIL OIL 7930 GALLONS 57700 POUNDS 
APPROX. TOTAL WEIGHT 145000 POUNDS 


Fig. 4. Data as to the Adjustability of the Transformer Voltage as Presented on the Name Plate 


point. The numbers on the regulating and 
tickler windings represent the comparative 
units of induced voltage therein and facilitate 
an explanation of the different values of buck 
or boost inserted into the line. The instan- 
taneous direction of the voltages in these 
windings is indicated by arrows. 

From the name plate data given in Fig. 4 
it will be noted that there are 9 steps either 
side of indicator position 10. Therefore, 
position 1 gives 10 per cent boost and position 
19 gives 10 per cent buck, the intermediate 
positions giving proportional amounts. Con- 
sider the previously mentioned figures on the 
regulating and tickler windings (representing 
units of boost and buck) to be also equivalent 
to the number of steps either side of neutral. 


against two units in the opposite direction 
leaving seven units of boost. This is im- 
pressed upon the left-hand parallel winding 
and by induction appears in the series 
coil. The other two phases act correspond- 
ingly. 

Now take indicator position 8 correspond- 
ing to two units of voltage boost. The M 
adjuster will be seen to be connected to point 
91, or IJ in Fig. 3; while the N adjuster is 
connected to point 22, or JIJ in Fig. 3; also 
both breakers are closed which allows a cir- 
culating current to flow through them, 
through both parallel windings, and also. 
through the tickler winding and that section. 
of the regulating winding between points 21 
and 22. The average of the voltages on the: 
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parallel windings then appears by induction 
in the series coil. In following through the 
M adjuster there will be found four units plus 
one unit against two units, in parallel, with 
one unit boost, which results in an average 
of two units boost. 

Similarly, each position of boost and buck 
can be determined from Figs. 3 and 4 by keep- 
ing in mind the direction of voltages induced 
in the regulating and tickler windings. 

Owing to its large size this unit had to be 
shipped with its radiators, conservator, leads, 
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mechanism, and circuit breakers removed; 
the oil, however, covered the core and coils 
in the main tank. 

There are now in service 26 transformers 
(totaling 345,000 kv-a.) in which load ratio 
control is secured by utilizing the same prin- 
ciple of electrical connections of the trans- 
former windings, viz., two circuits in parallel. 
Their performance record confirms the oper- 
ating excellence of this method of voltage 
control for the larger blocks of higher poten- 
tial power. 


Direct-current Reclosing Equipments in 
Industrial Service 
By E. L. Houcu 


SWITCHBOARD DEPARTMENT, GENERAL ELECTRIC COMPANY 


It occasionally happens that the child can teach something to the man. Though the man in general 
possesses the equipment gained through experience and the passage of time, the child’s fresher viewpoint 
often suggests a new angle of attack upon some perplexing problem. This has happened in the case of auto- 
matic switching equipment, also. This youth in the family of electrical control has already made a splendid 
record for itself and is constantly demonstrating its ability to improve service in the tried and trusted fields 
of industrial electricity. In the accompanying article Mr. Hough tells how the automatic has returned to 
the dwelling of its progenitor, the manual station, and has there set new standards of economy, protection 


and unfailing intelligence in emergency.—EDITOoR. 


As the development of automatic station 
control equipments has progressed, various 
devices and schemes originated primarily 
for automatic station service have been found 
to be desirable in attended stations also, and 
in many cases the application of such devices 
has given even better results than were 
anticipated. An outstanding example of 
this is the direct-current reclosing equipment 
now being used extensively in the industrial 
field and particularly in the coal mining in- 
dustry. When the first automatic substation 
was started in the mining field there were 
very few automatic reclosing equipments 
in coal mines but at the present time it is 
estimated that there are several thousand in 
service. 

Automatic reclosing equipment makes it 
possible to increase the plant output without 
additional power equipment (1) by insuring 


continuity of power under normal conditions, 
(2) by giving reliable continuous protection 
of apparatus, (3) by avoiding mistakes and 
delays incident to manual reconnection of 
power and (4) by making possible the more 
economical distribution of feeder copper, 


with consequent service improvement. Other 


benefits will become apparent as the applica- 
tion of these equipments to a particular situa- 
tion is studied. In some cases it will be 
possible to dispense with a regular attendant 
in the station and thus make a direct meas- 
urable saving. However, the largest sav- 
ings accrue from factors that are difficult to 
express in dollars. To illustrate one of these 
it is merely necessary to call attention to the 
normal procedure in a manually operated 
station and then the operation of automatic 
reclosing equipment under like circumstances. 
When a system short circuit occurs which is 
of a more or less permanent nature in the 
first case a manually operated circuit breaker 
is opened and rings a bell alarm to call the 
attendant from some other work. The at- 
tendant, after several reclosures and conse- 
quent trippings of the breaker with the 
resultant wear and tear on substation appa- 
ratus, decides that it is a permanent short 


and waits for notification from the men ine 


the mine that the circuit is clear before 
closing the breaker again. It is often the 
case, depending upon the location of the 
trouble with respect to the station and the 
available facilities for communication, that 
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this consumes valuable time much of which 
might have been saved by the use of proper 
automatic reclosing equipments. If instead 
of a manually operated breaker an automatic 
reclosing equipment had been used the 
breaker would have been reclosed as soon as 
the short circuit was removed. If the mine 
trolley circuit had been sectionalized automati- 
sally it would have been possible to keep 
power on all sections except the one in 
trouble. 

Many schemes have been proposed for 
automatic direct-current reclosing equipments 
and several are in use. For industrial serv- 
ice, however, the ‘‘load indicating’’ type is 
used at the present time to the practical ex- 
clusion of all others. This type is arranged 
to ‘“‘feel out’’ or measure the load to be ob- 


Stub-end Feed Multiple Feed 
yy Reclosing Equipment 


Generator 


Load Load 


Fig. 1. Feeder Circuits Shown Diagrammatically 


tained on reclosure and thereby prevent 
reclosures on a load which willcause immediate 
reopening of the circuit breaker. Two con- 
ditions of feed must be met by such a ‘“‘load 
indicating’’ equipment as is evident from 
Fig. 1. A machine may feed a section of load 
independently of any other machines. Such 
a circuit is known as a ‘“‘stub feeder.”” When 
two machines may feed a load simultaneously 
they are said to feed the load in multiple and 
the feeders which supply this load are called 
‘multiple feeders.’’ In mining service it is 
a common practice to have more machines 
supplying the load during the day than at 
night and if one machine is shut down at 
night it can be seen that the feeder be- 
comes a stub feeder. Since this feeder can 
operate under either stub or multiple con- 
ditions it is designated as a ‘‘stub-multiple”’ 
feeder. 


Study and experience have shown that an 
automatic reclosing feeder equipment to suit 
the conditions outlined should possess the 
following characteristics: 

(1) Trip on overload. 

(2) Reclose after a time delay. 

(3) Reclose when load conditions become 

normal. 


Fig. 2. Direct-current Reclosing «yuipment, 
Stub-multiple Feed 


(4) The tripping, time delay, and reclos- 
ing values to have independent adjust- 
ments. 

(5) The reclosing values for stub and for 
multiple feed to be independently ad- 
justable. 

To fulfill these conditions the stub-multiple 
feeder equipment shown in Fig. 2 was de- 
veloped. Four years of experience with these 
equipments in actual service has demonstrated 
the .correctness of the design and the relia- 
bility of the component devices. 

The overload tripping feature is obtained 
by a series type overload relay whose con- 
tacts open when an overload occurs. These 
contacts are in series with the coil of the main 
line contactor and their opening causes the 
contactor to interrupt the power circuit. 
The overload relay is calibrated in amperes 
and may be set at any desired value. 
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When the line contactor opens one of its 
interlocks energizes a bellows-type time delay 
relay which, after the expiration of the time 
interval for which it is set, allows the line con- 
tactor to be reclosed as determined by load 
conditions. The time delay interposed by 
this relay is desirable in order to allow an 
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Fig. 3. Elementary Diagram of the Stub-multiple, 
D-c. Reclosing Equipment Shown in Fig. 2 


interval for the removal of an accidental 
short circuit or heavy overload and to allow 
rotating apparatus to come to rest. 

In order to determine when load conditions 
become normal the equipment shown in Fig. 
2 makes use of three relays, one for “feeling 
out”’ on stub-end feed, one for feeling out on 
multiple feed, and one to determine under 
which set of conditions the operation is taking 
place. The stub-feed reclosing relay may be 
set to allow reclosure of the feeder at any 
value of load within the limits of the feeder 
rating without any danger of the circuit being 
closed on a short circuit even though the 
voltage of the circuit varies between wide 
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limits. This feature is obtained by connecting 
the load-measuring coil of the reclosing relay 
directly across the load rather than at the 
center point of the load-indicating resistors. 
Connection of this relay coil at points other 
than directly across the load makes it neces- 
sary to set the relay to allow reclosure on 
only a small load in order to prevent reclos- 
ures on a short circuit if the system voltage 
should be high. 

On multiple feed the load to be obtained 
on reclosure depends upon several conditions 
which are difficult to determine accurately. 
Some of these conditions are: voltage differ- 
ence between circuits, feeder resistance, and 
the amount and location of load with respect 
to substations. It has been found that a 
measurement of the voltage difference be- 
tween the circuits to be tied together is a 


Fig. 4. Exterior View of Automatic Sectionalizing and 
Reclosing Equipment Cabinet 


reliable indication of the load to be obtained 
on reclosure. A voltage equalizing relay has 
therefore been used in the equipment shown 
in Fig. 2 for determining reclosure under 
multiple feed conditions. A selective control 
relay is used to select between the stub and 
multiple feed conditions in order to allow the 
correct operation in each case. 

Obviously an equipment having independ- 
ent adjustments of the overload, time delay 


and reclosing values is simpler to understand 


and adjust than an equipment in which these 
various functions are interlinked. It can be 
seen that the equipment. described above is 
provided with separate adjustments for all 
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of these features and in addition is provided 
with independent adjustments of the reclosing 
values for stub and for multiple feed. 
Irrespective of how well an equipment may 
appear to be in theory, it is not practical 
unless it is of a rugged, substantial design 
throughout. As evidence of the sturdiness 
of the entire design it is worth while to con- 
sider in some detail the main line contactor. 
This device was developed for steel mill serv- 
ice and is designed to stand hard wear. Its 
closing coil is designed for continuous full- 
voltage operation, thus eliminating the possi- 
bility of burnouts. The powerful magnetic 
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Fig. 5. Automatic Sectionalizing and Reclosing 
Equipment Cabinet with Door Open to 
Show Control Devices 


blowout provides for rapid snuffing of the 
arc. The interlocks are of simple construc- 
tion having good rolling contact and wide 
‘‘break.”’ 

The wiring diagram of a stub-multiple re- 
closing equipment is shown in elementary 
form in Fig. 3. It will be noted that each 
device is referred to by a number which 
designates the function that a particular 
device performs. These function numbers 
have been standardized by the Power Club 
and are now in general use in automatic sub- 
station work. 

The distribution circuits in factories are 
usually laid out so that trouble on a single 
section will interrupt service on the circuit in 

() A detailed discussion by the author of the advantages 


of this arrangement will be found in Engrg. and Mng. Jour. 
Press, April 4, 1925. 


trouble only and not seriously affect the re- 
mainder of the plant. In contrast to this, 
distribution circuits in mines have generally 
been tied solidly together or, if sectionalized 
at all, manually operated lever switches have 
been used for the purpose. It has long been 
appreciated that the output of a mine could 
be considerably increased if the section in 
trouble was isolated automatically. To per- 
form this service the equipment shown in 
Figs. 4 and 5 has been devised. : This is a 
self-contained sectionalizing and _ reclosing 
unit which operates on stub-multiple feed 
and will reclose from either side of the circuit 
depending on which side is alive. The case 
may be locked to prevent unauthorized per- 
sons from tampering yet the circuit may be 
opened manually by means of a tumbler 
switch which may be operated without 
opening the case. All parts are given a non- 
corrosive rust resisting finish in order to pro- 
tect the devices in the damp mine atmosphere. 
In order to allow the equipment to be mounted 
easily it is provided with mounting hooks 
similar to small transformer hooks. Since 
it is obviously not always possible to mount 
the equipment where men are not liable to 
come in contact with it the case is arranged 
for grounding in order to prevent accidental 
shock. For similar reasons the contactor 
is completely enclosed to prevent accidental 
burning from the flash of the arc when the 
equipment opens a short circuit. 

In many mines the working faces have 
progressed away from the substation so that 
the feeders are very long and consequently 
their resistance is high. Often the feeder 
resistance is so high that a short circuit at the 
working face will not draw sufficient current to 
trip the circuit breaker in the substation. The 
power fed into the short circuit is usually 
sufficient to cause considerable damage such 
as burning out of machine cables, controllers, 
motors and the like, and often sets the entry 
afire. If automatic sectionalizing equipments 
are properly used they may be set to open 
at a value of current which will protect the 
section. This value is usually much below 
the setting of the substation breaker. 

Within the past few years direct-current 
equipments have been coming into extensive 
use in mines because by improving the dis- 
tribution service they have been found to 
increase the profits of operation materially. 
Their utility is not limited to mining however; 
other branches of industry will, on investiga- 
tion, find equally serviceable applications for 
these automatic equipments. 
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Arc Welding as a Manufacturing Process 
By H. M. Hosart, M. Inst. C. E. and W. SPRARAGEN 
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Any manufacturer of metal goods who seeks to make a better product or one at lower cost will find the means 
in arc welding. In fact, this process will ordinarily accomplish both purposes simultaneously. The number and 
variety of its applications already made indicate an apparently unlimited extent of usefulness for this new 
manufacturing tool. To bring to the attention of engineers, designers, and legislators the possibilities of arc 
welding in manufacturing processes and the advantages that result from its use, Messrs. Hobart and Spraragen 
delivered at the fall meeting of the American Welding Society, Boston, October 1925, a review of some of the 


more prominent applications of which the following is an abstract.— EDITOR. 


The arc weld is a very recent addition to 
the commercial tools available in manufac- 
turing. To a considerable degree its rather 
wide applications may be said to have come 
about as a by-product of the war. Delays 
in replacing broken, worn, and defective 
castings, and other parts employed in their 
products or in the machinery of their systems 
forced upon industrial managers, railroad 
executives, and others the necessity of re- 
pairing such parts by welding. The intensive, 
successful use of arc welding in making re- 
pairs is leading to the gradual adoption of the 
process in manufacturing as a substitute for 
riveting where parts have to be fabricated. 

These numerous applications of welding 
are being brought about through economic 
reasons, among which may be listed: (1) lower 
cost of the product, (2) increase of production, 
(3) improvement in the quality of the prod- 
uct, and (4) the overcoming of manufacturing 
and other difficulties. In fact, each applica- 
tion listed in this article is the result of one or 
more of these reasons. 

Manufacturers who contemplate introduc- 
ing arc welding into their shops as a fabricat- 
ing means must give attention to several 
fundamental considerations. Of these, the 
more important will now be stated. 


Design 

Structures and parts of products which it is 
intended to weld by the arc process must of 
course be properly designed to conform to 
the technique of arc welding in order that 
they shall effectively withstand the stresses 
which they will meet in service. 

It is a wrong basic principle simply to sub- 
stitute arc welding for riveting in a structure 
originally designed for riveting. While such a 
course can sometimes be justified as a tempo- 
rary expedient, it is not fair to are welding to 
judge it from results obtained in such cases. 
The product in whose manufacture arc-welding 


processes are to be employed should be 
designed with full recognition of this circum- 
stance. 


As an example of the need for special designs 
which recognize the fundamentally different 
basis of the two methods of joining metals it 
may be noted that whereas for riveted joints 
it is necessary to overlap the plates or employ 
straps, the use of arc welding often permits 
butt joints to be used. This effects a consider- 
ablesaving beyond that which could be made by 
retaining the overlap necessary with riveting. 


Material 

The material employed should preferably 
be such as is known to be most satisfactorily 
arc welded. Thus while arc welding is often 
applicable to joining cast-iron parts, the art 
has not yet been so highly developed for such 
a purpose as for welding mild steel. Experi- 
ence is being rapidly gained in applying the 
arc-welding~ process not only to high-carbon 
steel and to cast iron, but even to special 
ferrous alloys, and to non-ferrous metals. 
But the great mass of the most important and 
satisfactory applications relates to joining 
mild-steel parts, such as steel castings, steel 
plates, and rolled structural steel. 


Stresses Allowable in Welded Joints 

Adequate care should be taken in determin- 
ing allowable stresses for the welded joints. 
In the past, designing engineers who were 
not familiar with are welding have been apt 
to base their determination of the required 
cross-sectional area of some particular weld 
on some general limiting value for the tensile 
strength or shearing strength in pounds per 
squareinch. There are a number of important 
variables which must be taken into considera- 
tion, such as for example: (1) the design of 
the joint, (2) the chemical composition of the 
material to be welded, (3) the type of elec- 
trode used, (4) the position in which the weld | 
must be made, (5) the general experience of 
the welder, and (6) the experience of the 
welder in that particular kind of job. 

A steel weld is a steel casting and it is well 
known that a steel casting will not withstand 
bending stresses to any such extent as a steel 
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forging of the same tensile strength. This 
indicates that arc welds withstand tension 
stresses best. Their ability to withstand 
shearing stresses comes next in order. The 
detailed preparation of the parts prior to 
welding is also very important. The angle of 
bevel should be suitably proportioned and the 
surfaces should be free from oil, scale, and rust. 
It is generally desirable to provide suitably de- 
signed jigs or fixtures to hold the pieces in line 
and in the right plane while being welded. 

With a good mild-steel welding wire such as 
is described later and with plate having an 
ultimate tensile strength of 55,000 lb., the 
tensile strength of an arc weld made by a 
reasonably skilled operator may be taken as 
40,000 lb. per sq. in. of weld section. The 
weld section can usually with advantage be 
made 10 to 20 per cent greater than the plate 
section. For fiber stresses in pressure vessels, 
the safe working stress for arc-welded joints 
may be taken as about S000 lb. per sq. in. of 
the plate section. 

The shearing strength of welds may be 
taken as 36,000 lb. per sq. in. For structural 
steel work a factor of safety of 4 is suitable. 
This makes the working tensile stress of arc 
welds in structural steel 10,000 Ib. per sq. in. 
and the working shearing stress 9000 Ib. per 
sq. in. 

Of course, a highly skilled welding operator, 
even with the materials mentioned, may 
obtain welds as strong as the original ma- 
terial itself and with special electrodes can 
produce an arc weld that is stronger than 
the plate. Although at present there does 
not exist much data as to the fatigue strength 
of weld metal, a few tests that have been 
conducted indicate that one-half of the ulti- 
mate tensile strength may be employed as an 
ultimate endurance limit below which an arc 
weld will not break for millions of cycles of 
repetition of stress. 


Further Considerations Relating to Carbon Content 
of the Material 

In addition to chemical requirements, 
there are other properties in steel which are 
important from a welding viewpoint. With 
regard to its physical properties, well-made 
steel is largely dependent upon the amount of 
carbon in it. This is the first factor to be 
considered in deciding what chemical analysis 
should be followed. Other things being equal, 
the higher the carbon the more difficult is the 
welding and the less satisfactory is the weld. 
Of course, the difference in welding qualities 


(1) Bulletin No. 2, American Welding Society. 


is not of much consequence between 0.10 and 
0.20 per cent carbon, but there is usually a 
marked difference when the carbon content 
exceeds (0.20 per cent. In arc welding, there is 
localized heating which affects a high-carbon 
plate to a greater degree than a low-carbon 
plate. In plates above 0.20 carbon there is 
apt to be a hard brittle zone next to the weld. 
Moreover, in are welds with low-carbon ma- 
terial, the rigidity of the welded joint trans- 
fers any bending or vibratory stresses to the 
parent plate outside the weld and this is more 
capable of withstanding such stresses. But in 
high-carbon material the bending and vibra- 
tory stresses will not be so effectively diverted 
from the welded joint to the parent plate. 


Welding Wire 

Good welding wire, in so far as chemical 
composition is concerned, may be ensured by 
following the American Welding Society’s 
specifications.) Chemical composition, how- 
ever, is not a complete criterion. For exam- 
ple, wide variations in the chemical composi- 
tion of the deposit are obtained when welding 
wire of identically the same composition 
is deposited in the weld by the electric-arc 
process. The physical structure and the gas 
content appear to exert considerable influence 
on the result. However, the phenomena are 
still far from being understood. A simple 
test of welding wire additional to the chemical 
analysis can be made by laying a piece on an 
iron table and melting it half way through 
with a gas welding torch. Good welding 
wire can be distinguished (1) by the ease and 
smoothness with which it melts, (2) by the 
evenness and smoothness of the melted 
surface, and (3) by the lack of sparks. Wire 
that sparks badly leaves a rough porous sur- 
face after welding, and wire that does not 
flow freely and smoothly is unsuitable for 
welding. A similar test may be made on the 
steel to be welded by running the torch flame 
so as to cut a depression in the steel. If the 
surface is rough and shows small blowholes it 
is an indication of unsuitability for welding. 


Electric Current Test for Welding Wire 

The melting test may also be conducted 
with electric welding apparatus by ‘‘freezing”’ 
one end of the electrode to the work or plate, 
using the normal welding current for the size 
of the wire involved. By keeping the wire in 
direct contact with the plate it will reach a 
uniform melting condition, but if the cur- 
rent is too high the wire will melt close to the 
plate only and not present sufficient melted 
surface for observation. It is_ therefore 
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necessary to adjust the current so that the 
wire heats up slowly throughout its entire 
length. 


Jigs and Fixtures 

The application of arc welding as a fabri- 
cating process can in most instances be made 
more economical and successful through the 
use of suitable jigs and fixtures. For quan- 
tity production very thorough consideration 
should be given to this aspect of the process in 
order that full advantage may be taken of the 
economies in time and labor which may thus 
be rendered possible. This point is illustrated 
in a number of the applications of arc welding 
described later in this article. 


Testing the Skill of Operators 

With the proper control and assuming 
conscientiousness and reasonable skill, the 
quality of a given product is fairly inde- 
pendent of the operator. On the other hand, 
he must be experienced in depositing the metal 
in the way most appropriate for the particular 
job in hand. The expertness of the operator 
can in most cases be determined only by 
physical tests to destruction of test specimens 
of the work which he is doing. Once the 
welder has proved himself competent to do a 
particular job, 1t rests upon the supervisory 
and inspecting force to see that the quality of 
his work is maintained. 

On the other hand, great care should be 
taken not to destroy the initiative of the 
welder. The welder should not be ignored if 
he complains about conditions not being right. 
His complaint should be carefully investi- 
gated,as sometimes materials which have been 
accepted by the purchasing department are 
nevertheless not suitable for the workin hand. 

It should also be pointed out that while 
some welding operators can do a 100 per cent 
job on certain work, they are entirely un- 
fitted for other kinds of work where it is not 
apparent that any greater skill is necessary. 
For example, a man who through long experi- 
ence can weld thin steel ina flat position may 
not be able to do it in an overhead position. 
Again, he may not be able to weld thick steel 
plates even in a flat position. In another in- 
stance a welder who is an expert on repair 
work may be entirely unsuitable, without ad- 
ditional training, for production work on steel. 

Many experts in the welding field recom- 
mend periodical tests of sample welds to check 


(2) Another example of a specific a icati i i 

) r § ¢ as application, viz.: Pipe 
Welding, 1s given in ‘‘Helping the Pipe Welder,” by C. Rie 
Price, Welding engineer, Nov., 1924, p, 34, and Dec., 1924 p. 34 
‘*Helping the Pipe Welder,” Part IJ so ae 
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the skill of their welding operators. The 
testing should be done on the kind of work 
which the operator is performing. Where 
facilities for testing welded samples are not 
available, local arrangements can usually be 
made with a commercial laboratory on a 
reasonable basis. 


Inspection 

Inspection of welded products must differ 
somewhat according to the nature of the 
work involved. Certain fundamental princi- 
ples can however be laid down as universally 
applicable in are welding. 

The importance of proper inspection and 
supervision cannot be over-emphasized. Al- 
most every article and book written on 
welding prior to the last few years, directly 
or indirectly, has implied that the quality of 
the product was 90 per cent dependent on the 
skill of the welding operator. With the 
methods generally in vogue up to the last 
two or three years this statement was prob- 
ably fairly correct, as in most cases the 
selection of material, the design, and the 
technique of the work were left to a consider- - 
able extent to the welding operator. Under 
these circumstances, it would have been even 
more correct to state that the quality of the 
job was 100 per cent dependent on the welding 
operator. When the problems of material, 
design, and technique are worked out in 
advance, the welding operator is called upon 
only to manipulate the electrode to do a par- 
ticular job. Relieved of these other respon- 
sibilities the operator can, after a little 
training, be depended. upon to do the work 
day in and day out with less percentage of 
variation in quality than is found in riveting. 
This, of course, presupposes the existence 
of a competent inspecting and supervisory 
force. 

This supervising and inspection service 
should include: 

(1) The provision of suitably designed and, 

. constructed jigs and fittings 
(2) Checking whether all the requirements 
are fulfilled as to preparation before 
welding 

(3) Whether suitable materials are being 

used 

(4) Checking the method of deposit of the- 

metal , 

(5) Whether the proper current is being 

used 

(6) Whether the correct size of welding 

wire is being used 


/ per 
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(7) Whether the actual manipulation of 

the electrode is satisfactory 

(8) Whether the parts to be welded are 

clean and free from foreign matter 

(9) Whether the proper penetration and 

fusion are being obtained. 

In some cases it might be desirable to have 
the welding operator stamp his number on 
the job, and in still others the inspecting force 
might test parts of the work to destruction. 


Testing the Finished Product 

The greatest handicap to welding is stated 
by many authors to be that we have no satis- 
factory non-destructive test available to 
check the quality of the weld. Many con- 
servative engineers argue that after a job is 
finished it is impossible to know with cer- 
tainty whether it is a 50 or 100 per cent 
strength weld. Proponents of welding in 
turn answer that it is equally impossible to 
know the strength and quality of a finished 
riveted joint, the only difference being that 
we have grown accustomed to be satisfied with 
a visual inspection of a riveted joint instead 
of requiring a test to destruction. This is 
because riveting has been with us for a long 
period, the processes have become standard- 
ized, and we have learned from experience to 
place confidence in the product. 

This same psychological process is taking 
place with arc welding. However, whereas 
the riveting art has been practiced for cen- 
turies, we have been using are welding 
extensively for a matter of only seven or 
eight years, 

As implied indirectly in previous statements 
it should be pointed out that the quality of 
the finished job can be determined in ad- 
vance, if proper material is used, proper 
design and technique is employed, and if 
there is in force a system of regularly checking 
the skill of the welding operator as to his 
ability in manipulating the arc. 

The most suitable ways of testing welds 
and welded products are different for every 
industry. They depend upon the nature of 
the particular problem in hand. In some 
cases hydrostatic pressure can be applied 
with an intensity sufficient to allow a reason- 
able margin over the stresses that the par- 
ticular product will meet in service. Penetra- 
tion of oil, or bubbles from a soap solution, 
reduction of air pressure, and blows with a 
hammer are also useful tests for certain 
classes of work. But in the great majority of 


3 Riis) Sippications of Arc Welding to Ship Construction,’”’ by 
E. Ewertz, Bulletin No. 6, American Welding Society. 


cases tests of this sort are neither possible 
nor desirable. 


Cost Data 

A quantity of an OFAN now exists on 
the cost of electric-arc welding and in a 
number of industries comparisons between 
riveting and arc welding are available. As 
pointed out in the introductory remarks, a 
later portion of this article will be devoted to 
examples of applications of arc welding and 
comparisons as to the relative cost. and qual- 
ity of product with previous forms of fabrica- 
tion, such as riveting. 

In one industry, viz., that of shipbuilding, 
considerable information exists. Tables and 
charts have been worked out in detail which 
enable draftsmen and engineers to readily 
compute the cost of doing a particular 
job. (Similar charts based upon expe- 
rience should be worked out for other 
industries.) A leading authority® in ship- 
building estimates that in the construc- 
tion of a ship’s fittings and in hull construc- 
tion, savings ranging from 15 per cent to 25 
per cent may be effected. The application of 
welding to ship’s fittings is already extensive. 
But the conservatism of shipbuilding con- 
cerns has restricted the use of welding in 
joining the hull plates, to a few small vessels 
all made by different firms and the cost of 
these first applications has of course always 
been high. 


Speed of Arc Welding 

The data given in various text books and 
papers as to the speed of arc welding are very 
conflicting. There are so many variables as to 
make any general statement impossible. The 
following review will throw light on the 
matter: 

There are automatic arc-welding machines 
which make long seams at several times the 
speed possible with hand welding. From the 
data at present available the speed of making 
such seams in thick plates (say 14-in. thick) 
is two or three times as great with an auto- 
matic machine as with hand welding. With 
thin material (say %-in. thick) the speed 
with the automatic machine is from five to 
ten times as great as by hand. Time is lost in 
changing electrodes and in adjustments of 
position. Moreover, the hand operator be- 
comes fatigued while the automatic machine 
does not. 

Material up to and including 14-in. thick is 
being successfully butt welded unbevelled on 
automatic machines. It is not generally 
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realized that the angle of bevel greatly affects 
the speed. The authors once conducted a 
series of tests on the hand welding of 14-in. 
ship plate. Among many other experiments 
made in the course of these tests, four samples 
of butt welds each 3 ft. long were welded by 
the same operator. The total angle of open- 
ing formed by the bevel on the plates being 
welded in the four cases were 30, 60, 90, and 
120 deg. respectively. The welder deposited 
metal at about 1.75 lb. per hr. in all cases. 

It took so much more metal to fill up the 
120-deg. bevel as to reduce the speed of weld- 
ing to only 1.07 ft. per hr. as against 3.22 ft. 
per hr. for the 30-deg. bevel. 

It is interesting to note that for all four 
bevels in this investigation, the rate of de- 
position of electrode was a matter of 0.65 
lb. per kw-hr. at the arc on the basis of a 
20-volt drop at the arc. One kilowatt-hour is 
equal to 860,000 calories; 136,000 calories 
will melt a pound of mild steel. Therefore if 
all the energy in the arc were used up in 
melting electrode material, 6.3 lb. ought to be 
melted per kilowatt-hour at the arc, 1.e., 
about ten times the amount actually melted. 
But part of the energy in the arc is required to 
heat and melt the surface layers to be joined; 
part may vaporize some of the steel; and part 
is lost in conduction, radiation, and convec- 
tion. Even at this late period in the develop- 
ment of arc welding, enough advanced physi- 
cal research of the fundamental phenomena 
has not been made to allocate even approxi- 
mately the 90 per cent of energy not con- 
sumed in melting the welding wire. 

Apparently, some very exaggerated ideas 
are common as to the amount of metal which 
can be deposited per hour in practical high- 
grade arc welding. Some years ago one of 
the authors of this article published the 
statement that for hand welding an operator 
can in the case of the hull plates of snips 
deposit about 1.2 lb. of metal per hour when 
working out in the open (as on ships) amidst 
many inconveniences, as against about 1.8 lb. 
per hour in the shop. Confirming this it can 
be seen from the General Electric Company’s 
report in the latter part of this article that, 
based on the average for a month, for all 
sorts of work the rate of consumption of elec- 
trodes was | lb. per welding operator per hour. 
This would probably correspond to nearly 2 lb. 
during actual welding. In melting 13,500 Ib. of 
Pensier $\"Handhook for Blocticat Boye ee 
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welding wire some 36,000 kw-hr. were con- 
sumed, or 0.375 lb. per kw-hr. from the supply 
circuit. But this very probably corresponded 
to some 0.6 to 0.7 lb. per kw-hr. at the arc. 
As an experiment, a 12-ft. cube tank of 
14-in. steel was arc weldedin 1918. The total 


time of actual welding was 165 hr., and this, 


corresponded to using up electrodes at the 
rate of just 2 lb. per hr. The energy con- 


TABLE I 


Speed of Welding 


Volts at Arc Ft. Per Hr. 


Current Amp. 


165 15 110 


195 16 135 
200 18 180 
220 18 200 


sumed at the arc was about 500 kw-hr., and 
334 lb. of welding wire was used, of which 
299 lb. was deposited in the welds. There 
was thus deposited 0.60 lb. per kw-hr. of 
energy at the arc. In making this estimate it 
has been assumed that the current was 167 
amp. and that the pressure across the arc 
was 20 volts. 

In place of stating welding speed in feet per 
hour, one of the authors in 1919 expressed the 
following view with which we now fully agree: 

“The practice heretofore customary of 
stating the speed of welding in feet per hour 
has led to endless confusion as it depends 
on the type of joint, height of weld, and vari- 
ous details. A much better basis is to express 
the speed of welding in pounds of metal de- 
posited per hour. Data for the pounds of 
metal deposited per hour are gradually be- 
coming quite definite. The pounds of metal 
per foot of weld required to be deposited can 
be readily calculated from the drawings or 
specifications. With the further available 
knowledge of the average waste in electrode 
ends and from other causes, the required 
amount of electrode material for a given job 
can be estimated.’ 

For overhead welding or for welding in 
difficult places, the speed of deposition is 
much lower than the value of 1 lb. to 2 Ib. per 
hr. This is also true when, instead of mild 
steel, some other material is to be joined. 

We have seen records of butt welding with 
automatic machines where long seams in 
3¢-in. and 14-in. plates have been welded at 
15 and 12% ft. per hr. with a consumption of 
6% lb. of welding wire per hour. The angle 
of bevel was 30 deg. and the current from 250 
to 300 amp. It is however more usual for 
automatic welding of butt seams in 14-in. 
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plate to estimate on speeds of only 4 to 8 ft. 
per hr. of actual welding, as against somewhat 
under half these speeds for hand welding. 
Very high speeds are obtained when arc 
welding quite thin material on the automatic 
machine. The precise values vary with 


’ the size of electrode and with the current. 


As an interesting example of an attempt to 
study the influence of the current, Table I is 
included to show the results obtained in butt 
welding 14 gauge material with 1-in. dia. 
welding wire. 

In 1924, the data in Table II were published 
with the statement that ‘‘these figures are ac- 
tua] welding speeds and will be modified on pro- 
duction work by idle time, preparation, etc.’’ 


TABLE II 
RATE OF TRAVEL (BARE METALLIC 
ELECTRODE) 
hictenges Feet Per Hour (Butt WeELp) e 
of Soe Hand Semi-Automatic | Full-Automatic 
. Welding Welding Welding 
or 10 r20me to 40) | 25" to.050 
7% 15 to 30 40°" to 75 
fs 6% bom to.24, 2b) & to 50 
4 5 So. sto.16 fb to. -40 
3% 2% Bb told Gato Lo 
6 2 24to 5 3%4to 7 
34 1% 13% to 3% 2u%to 5 


The speeds in Table III, in terms of 
pounds of metal deposited per hour, are 
recommended by the authors for estimates 
on the are welding of mild steel by hand. 

The speeds in Table III are such as can be 
maintained by a fairly skilled welder during 
an eight-hour day and under favorable 
conditions, such as welding in the shop. 
The plates to be welded are assumed to be 
laid flat and at a convenient height for the 
operator. It is also assumed that the edges 
have been prepared and that the plates are 
clamped and all ready for welding. For verti- 
cal welding, these figures should be multi- 
plied by 0.9. For overhead welding, they 
should be multiplied by 0.7. For work in the 


(8)'*Are Welding and Cutting Manual,’’ 
Y-2007 of General Electric Company. 

(7) Details of the application of arc welding to locomotive 
boilers are given in ‘‘Welding Tubes in Boilers,”’ by B. C. Tracey, 
hpehere: Of the American Welding Society, March, 1922, p. 35. 

‘‘Electric Arc Welding on the Steam Locomotive,” by 
WwW. ae B. Brady, GENERAL ELEctTRIC REVIEW, October, 1924, 


p. 6 
(Ours 


Publication Ne. 


ena Tests of Large Diameter Electric 
Welded Appl H. Nead and R. L. Kenyon, Journal 
American Craine eee April, 1922, p. 21. 
Further information on the eubicokt appears in secupae 
Pipes and Fittings,’’ Welding Engineer, September, 1923, p. 19. 
(9) The details are given in ‘‘Arc Welded Well Casings,” 
Welding Engineer, April, 1924, p. 19. 


field, where the arc is not protected and the 


welder subjected to inconveniences, these 
figures should be multiplied by 0.7. 
TABLE III 
Thickness Diameter of Approximate Pounds 
of Plates Electrodes urrent Deposited 
In. In. Amp. Per Hr. 
lg le 100 1.4 
V4 os 150 Lev 
36 ea 160 1.8 
34 5 200 2.2 
oy ts Vig 2.0 
X a 225 2.4 


EXAMPLES OF ARC WELDING APPLI- 
CATIONS 

Locomotive Parts 

Are welding of tubes in boilers is standard 
practice on several large railroads. The 
length of service of locomotive boilers before 
leakage commences is thereby increased 
from three or four months to three or four 
years. 


Welding Pipe Lines for Oil, Gas, Water, Steam, and 
Dredges 

A permanent non-leak joint as well as a 
cheaper and better job may be obtained by 
the use of arc welding on all sizes of pipe 
lines. Miles and miles of welded pipes, 
varying from small to very large diameter and 
from very low to very high pressures have 
been successfully are welded. They have 
given satisfaction in service and in a number 
of instances a saving as high as 25 per cent 
may be effected over screwed or flanged 
joints. Angles, ells, tees, and other fittings 
may be economically welded. 


Well Casings 

Welded oil-well casings have been con- 
structed for oil fields of Southern California. 
The electric arc has proved its efficiency in the 
handling of large sections and in simplicity 
and economical production methods. The 
particular casings were of 13-in. diameter and 
made of No. 10 gaugeiron. It was of two-ply 
and built in 30-ft. sections, each section con- 
sisting of ten 3-ft. lengths.) 


Rail Joints in Street Railway Tracks 

Nearly all joints in tracks in paved streets 
are now made by some process of welding for 
which the electric arc is used extensively. 
The Welded Rail Joint Committee of the 
American Bureau of Welding is at the present 
time devoting attention to possible improve- 
ment in making the seam-welded type of rail 
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joints. An improvement of 25 per cent in 
the life of the joint, which is confidently 
expected by the committee, will result in a 
saving of millions of dollars annually to the 
street railways of the country.“ 


Storage Tanks 

A number of small and large storage tanks 
for holding oil, water, and gas have been 
completely constructed by electric-arc weld- 
ing. In other cases tops and bottoms only 
have been welded. Literally thousands of 
welded tanks have been constructed in various 
parts of the world, varying in size from a few 
gallons to gas holders of 2,000,000 cu. ft. 
capacity, 200 ft. in diameter and 130 ft. 
high.¢) Not only have there been sub- 
stantial savings in the construction cost (from 
10 to 25 per cent), but still larger savings in 
tanks for holding oils and gases. The welded 
construction reduces evaporation and leak- 
age to a minimum. For lighter oils this 
saving is an appreciable item as compared 
to the leakage and evaporation from a riveted 
tank and may equal in a very few years the 
total cost of the welded tank.) 


Ship Construction 


Allusion has already been made to the 
great field for arc welding, not only in the 
fittings of ships, but in joining the hull plates. 
For fittings, the use of arc welding is increasing 
rapidly. But as a method of joining the hull 
plates the only applications have been to a 
few relatively unimportant ships, a list of 
which is given later in this section of the 
article. Although the plan of using arc weld- 
ing instead of riveting for joining the hull 
plates of ships has been reported upon favor- 
ably many times by men of unquestioned 
authority, wide experience, and mature judg- 
ment, the use of riveting for this purpose 
appears to be so strongly entrenched that it is 
not likely to be replaced by welding on any 
considerable scale in the near future. For oil 

(1°) For further information reference should be made to 


Progress Reports Nos. 2 and 3 of the Weld i i 
; ort: ~2¢ ‘ ed R - 
al Oe peat Bureau of Welding. al Joe 
ull descriptions of the methods of construction us i 
_meth¢ . ; ed in 
the larger tanks are reported in various issues of the Journal of 


ue Welding Society and in the Welding Engineer, April, 


for the ‘‘Electrical Welding of Storage Ts A 

cilia hae iced Society, Dec., 1992p, ie SOM ee 

,, further applications of arc welding in this field are gi i 
sommunication,”’ by E. J. Rigby, October, 1922, p. of a 

pees ton a peccene Welding to Large Tank Construction 2 
y E. J. Rigby, August, 1923, p. 14; “Electric Weldin \ 

Storage Tanks," by H. C. Price, June, 1924, p. il at aoe 2 


Journal of the American Welding Soctety 
Also ‘‘Welding Oil Storage Tanks," 
Welding Gas Holders," by | 


May, 1923, p. 25; ‘Arc 


Reesom, Sept., 1923, p. 2 ‘ 


‘*Welding Large Storage ‘Tanks by H. C. Price. & 5 
32; and ‘‘Welded Crowns for Ga: Holders." June, L635 eae 


allin the Welding Engineer. 
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tankers there is with arc-welded hulls the 
additional advantage of oil tightness. But 
for steel hulls for any purpose are welding 
offers the following advantages: (1) saving of 
material, (2) saving of labor and (3) increased 
seaworthiness. 

There are several classification organiza- 
tions such as Lloyd’s Register of Shipping, 
and the American Bureau of Shipping, 
which have published lists of items in ship 
construction where arc welding may be 
employed without obtaining special author- 
ization from the approving and inspecting 
organization. 

Many minor and non-structural items and 
important fittings in merchant vessels, de- 
stroyers, and submarines are now regularly 
arc welded. The following are examples of 
applications in this field: 

(1) Fittings that are of an important 
character, such as continuous railing rods, 
sky-lights, stairs, gratings, ladders, coal chutes 
ventilator cowls, stacks, funnels, uptakes, 
bulkheads (which are not structural parts of 
the ship), tanks, hand rails, deck houses not 
covering unprotected openings through wea- 
ther decks, battery and storage boxes, trap 
seating, holders for boiler spare parts, drip 
pans, conning tower hatches, ventilation and 
exhaust pipes, torpedo doors, periscopes, and 
ammunition scuttles. 

Fittings that are of a minor nature such as 
lashing pads for torpedo tubes on deck, boat 
chocks on davits, sockets for hand rails, 
cable and fixture hangers, cable guards, 
bucket stowage, pipe supports, berth supports 
to frames, pipe hangers, leaders on deck for 
steering cable, chocks under turbines and 
gear cases, hangers for operating rods, pads 
for all purposes, bars on escape hatches, cargo 
batten cleats, protecting angles around man- 
holes, seatings for fire extinguishers, brackets, 
and waterway bars. 

(2) Clips for jack rods on galley house, 
ram rods, stanchions, work benches, battery 
lockers, stores for paints, oils, provisions, 
electric galley, torpedo magazines, oil burner 
rack, oil racks, transoms, gauge boards, lathe 
and grinding stones, ladders, engine room 
flooring supports, table, cable hangers, bulk- 
heads, detachable rail stanchions, shelving, 
and lockers. = 

(3) Foundations and Supports for oscilla- 
tor, bulkheads, battery hatch, torpedo slides, 
guns, starting flasks, switchboards, engine 
and boiler room floorings, discharge manifolds, 
oil tanks, wash machines, compass, diving, 
and steering gears. 
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(4) Attaching deck rail stanchions to 
plating, deck collars around ventilators and 
funnels, cape rings, galley fixture to plating, 
bath and other fixtures, cowl supporting rings, 
engine and boiler room stairs and gratings to 
plating, cleating to casing, door frames to 
casings, airtight shoes to bulkhead. 

The authors have records of seven elec- 
trically welded ships. These may be briefly 
mentioned as follows: 

1915—The Dorothea M. Geary, 42 ft. long 
and 11 ft. beam, was launched on Lake Erie. 
The hull plating was butt welded by the 
electric-are process.) 

1918—The British Admiralty’s cross-chan- 
nel barge Ac1820, 125 ft. long and 16 ft. 
beam, and of 200 tons deadweight, was 
completely arc welded. 

1919—A barge 65 ft. long and 13 ft. beam 
was arc welded at Caen in France, the 
welding all being done by women. 

1920—The Fullagar, a 500-ton coaster of 
150-ft. length, built by Messrs. Cammell, Laird 
& Co., was launched at Birkenhead. The hull 
plates were joined entirely by arc welding. 

1920—A tugboat of 521% ft. length and 
13% ft. beam was are welded at Gothenburg 
in Sweden. 

1920—The Sea Hornet, a motor boat 58 ft. 
long with a 600-h.p. engine, a speed of 35 
knots, and a cruising radius of 800 miles, was 
launched from the shipyard of Kyle and 
Purdy, City Island, New York, N. Y. 
Electric arc welding was used throughout for 
all joints. Butt welding was used throughout 
the shell, this having the advantage of pro- 
viding a smooth surface and decreasing the 
hull friction. 

1924—An oil barge 76 ft. long, 21 ft. beam, 
and 11 ft. in depth was built and launched at 
Providence, R. I. Electric arc welding was 
used for all joints. 

These seven ships are all, so far as the 
authors have learned, still giving satisfactory 
service. 

Mention should also be made of the attach- 
ment, by arc welding, of anti-submarine 
bulges to the hulls of battleships. The shell 
plates of these bulges were also joined by arc 
welding. The construction of such bulges 

(13) ‘Arc Welded Steel Building,” by A. G. Bissell, Welding 
Engineer, May, 1925, p. 17. we : oy : 
ap that isang sage ttc: Fit caaen 
W. Spraragen, and W. L, Warner, Journal of the American 
Welding Society, Oct. 1924, p. 27. 

(8) ‘Are Welding of Structural Steel,” by E. S. Humphreys, 
The Iron Age, May 25, 1922, p. 1422. 

. 2 ‘Design of Welded Steel Truss for Static Loads,"’ by Prof. 


McKibben, Journal of the American Welding Sociely, 
Oct. 1924, p. 56. 


involves more feet of welding and the use of 
thicker plates than the hulls of fair sized ships. 

Are welding of practically all joints was 
used in a steel self-floating caisson for a 
460-ft. dry dock at the Hikoshuma Dock- 
yard. Another Japanese enterprise was the 
arc welding at the Kobe plant of a floating 
crane pontoon 65 ft. long and 35 ft. beam. 

At the Norfolk Navy Yard a battle towing 
target 172 ft. in length was completely arc 
welded in 1920. 

Several ships of considerable size have had 
portions of their hulls arc welded with a view 
to gaining experience. Among these may 
be mentioned the conversion of the steam 
trawler Dairyo Maru into a 3800-ton dead- 
weight oil lighter in 1920, and the Hzsco, 
a 1200-ton oil barge, in which 60 ft. of the 
midship section was arc welded. 


Arc Welding in the Construction of Steel Buildings 

The most recent example of this type of 
construction is a 40 by 60 ft. mill-type 
building, Fig. 1, designed and built of scrap 
structural steel by the Chicago, Burlington, 
and Quincy Railroad.“ Many of the steel 
pieces were heavier than necessary, and were 
used simply because they were available in 
the scrap pile and not because any additional 
size was necessary over the same joint 
riveted. The saving in the cost of building this 
structure by arc welding was 41 per cent of 
the cost of a riveted structure, 

Architects have not yet acquired sufficient 
confidence in the arc-welding process as a 
means of fabrication to adopt it for large 
buildings. Also, from what has been said in 
the first part of this article, it will be under- 
stood that a competent supervisory force 
must be available in addition to the welding 
crew. There is undoubtedly necessary a new 
type of technical training, viz., welding 
engineering, and perhaps one good way to 
advance welding would be to interest various 
engineering schools to teach welding as a 
science in addition to the present instruction 
in structural engineering. However, before 
taking this step the theory and practice of 
welding design must be thoroughly worked 
out. 


Arc Welding in Bridge Construction 
Actual examples of welded bridge construc- 
tion are few, but the possibilities are many. (™ 
Some test data of welded structural steel 
are already available,“ together with a sum- 
mary of them and an explanation of a method 
of designing a welded structural joint.“ 
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The most recent example of a successful 
arc-welding repair job on a bridge took place 
at Paris, France, the bridge being of arched 
construction and the material cast-iron.” 

However, the riveting process as applied to 
bridge construction is very firmly established 
and riveting methods are thoroughly stand- 
ardized. In order to make effective headway 
with the introduction of are welding in bridge 
construction, efforts should be directed to 
obtaining much more test data of an authentic 
and conclusive character. 


Unfired Pressure Vessels 

Welding is entirely adequate for the con- 
struction of all kinds of pressure vessels. It 
is confidently expected that 
the present restrictions in the 
A.S.M.E. Code in regard to 
welding will be modified and 
made more liberal, based upon 
the scientific evidence now 
available and soon to be ob- 
tained by the Pressure Vessel 
Committee of the American 
Bureau of Welding. Tanks 
designed for 250 lb. pressure 
have withstood pressures as 
high as 2400 lb. before bursting. 
Welding can produce a better 
and cheaper tank than riveting 
when properly designed and 
constructed under approved 
technique and proper super- 
vision. The test recom- 
mended by the American 
Bureau of Welding for pressure 
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Fired Pressure Vessels 

Many types of steam and hot-water boilers 
and fired pressure vessels for various indust1ial 
purposes ranging from low pressure to high 
pressures and high temperatures are now in 
successful use. 

As an illustration of what may be done 
by welding there is cited the gasoline crack- 
ing still manufactured by the A. O. Smith 
Corporation. This still is made of 2'%-in. 


plates, is 41 ft. in length, 5 ft. inside diameter, 
is subjected to 500 Ib. per sq. in, working 
pressure, temperature inside 950 deg. F., tem- 
perature of furnace 1500 deg. F. On test one 
of these stills withstood a hydrostatic pressure 
of 4700 lb. per sq. inch without affecting the 


vessels is indicative of the con- Fig. 1. Completely Arc Welded Building Erected by the Chicago, Burlington and 


fidence which may be placed in 
properly constructed vessels. 
This test calls for hammering a tank when 
under a hydrostatic pressure of 11% times the 
working pressure, after which the pressure is 
to be raised to three times the working pres- 
sure and held there three minutes except in 
the case of vessels of special construction such 
as shell and tube brine coolers, condensers, 
intercoolers, etc., in which case the pressure 
shall be raised to two times the working 
pressure. This may be compared with the 
hydrostatic test of 114 times the working 
pressure required by the A.S.M.E. Boiler 
Code for riveted vessels. (8) 


(") ‘‘Electric Welding for Bridge Re ‘j MM 
— ic V , se Repairing, 
all, Welding Engineer, Aug., 1925, p. 15. ae, 
(8) A $100,000 investigational program is 
shortly by the American Bureau of Welding. 
co-operate in this work should cor ‘ 
of the Bureau. 


by A. C. Black- 


to be undertaken 
Chose desiring to 
umunicate with the secretary 


-second tower was completely assembled in 


Quincy R.R. for a Reclamation Plant at Eola, Ill. Scrap material was 


used, hence the rivet holes 


welds. Of course, the manufacture of a 
product of this nature requires expert knowl- 
edge of welding including physical phe- 
nomena, materials, metallurgy, design, and 
heat effects on steel. 


Arc-welded Radio Towers 


In 1921, two welded radio towers 150 ft. 
high, and largely of steel pipe, were built 
at Pekin, China. .The welding was done 
entirely by unskilled Chinese labor. After 
gaining experience on the first tower, the 


position in seven days and completely 
welded in another seven days. The antenna 
oceasions a horizontal pull of 3000 1b. The 
tower is designed on the basis of a wind load 
of 25 lb. per sq. ft. of projection in one 
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plane.) There are several distinct advan- 
tages to be found in the design and construc- 
tion of such towers. The members are round 
and offer relatively small resistance to wind. 
Pipe sections give nearly perfect columns, 
having the greatest strength possible for a 
given amount of metal. Short pipe ends are 
used up in the construction. Arc welding is 
much cheaper, quicker, and easier than 
riveting. The use of material of light weight 
permits easy erection of long shop sections. 
The finished tower has smooth lines and 
offers a pleasing appearance. 


Electric Transmission Line Towers 
Are welding is particularly applicable to 
the construction of poles and masts of the 


Fig. 2. Various Sizes of Arc Welded Tanks 


lattice type for the support of electric trans- 
mission lines and radio aerials. About three 
years ago 500 transmission line posts of this 
type were constructed in Belgium. These 
posts are 72 ft. long overall, 5 ft. of this 
length being imbedded. They are built to 
carry two 3-phase lines and a guard wire, 
making altogether seven wires on spans of 
525 ft. The stress due to the pull of the wires 
with a maximum wind blowing across the 
line is calculated to amount to 1350 Ib. hori- 
zontal pull at the top of the posts. They 
weigh ten per cent less than those riveted in 
the usual way, and two welders can complete 
one of them in nine hours, using about 45 
kw-hr. and 425 ft. of No. 10 electrodes.” 


(1%) ‘Arc Welded Radio Towers,'"’ by H. S. Bear, Welding 
Engineer, Sept., 1922, p. 29. 

(2) ‘Electric Are Welding in Steel Structures,"’ by Major 
James Caldwell, Engineering, Jan. 20, 1922, p. 88. 


One-hundred Foot Welded Tower 

In a cave in California a LO0-ft. tower was 
built up of spiral strips of steel inclosing a 
spiral stairway. Every joint of the 7200 in 
the structure was welded by the electric are. 
The cost of the completed tower was $3000, 
as against the lowest estimate on a riveted 
structural steel tower of $12,000. The steel 
used in the welded tower weighed slightly 
over 3 tons. The weight of a similar structure 
bolted and. riveted would be 13 tons. While 
not definitely known by the authors, they 
assume that the welded construction per- 
mitted the use of very much narrower strips 
for the entire structure as compared with 
riveting where a rivet hole constituted an 
appreciable part of the section of the strip. 


Steel Flooring 


An all-welded steel floor 64 by 
24 ft. was constructed by the 
Hershey Chocolate Co., for its 
milk receiving room. Hereto- 
fore, cement and bituminous 
flooring were used with more or 
less leaking and a great tendency 
to crack. Three hundred thou- 
sand pounds of milk enter this 
room daily, mostly in 100-lb. 
cans. The plates were cut 4 by 
10 ft. by * in., and planed to a 
45-deg. bevel. The floor had to 
be 100 per cent waterproof and 
have as great a resistance to 
shock and abrasion as possible. 
This type of construction being 
smooth, it is possible to shde the 
cans over the surface, netting 
a saving of about $1200 annually on labor 
alone, 


Impact Pulverizers 

The Raymond Brothers Impact Pulverizer 
Co. of Chicago manufactures a system con- 
sisting of a grinding mill and pulverizer, an air 
separator exhaust fan, cyclone collector, a 
tubular dust collector, and the necessary 
connecting pipes. The construction of one 
of these mills necessitates the use of a wide 
range of thicknesses of sheet metal and a great 
variety of joint design. The tops for air 
separators, return air housings, fan housings, 
etc., are all welded. Asa result of the applica- 
tions of welding, the finished product is more 
economical and stands up better in service 
than riveted joints. Moreover, they are 
absolutely dust tight. A considerable saving 
is also effected in the designing room, par- 
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ticularly in the matter of drawings, which is a 
considerable part of the total cost of such a 
structure. 


Stacks for Buildings 

The Boom Boiler & Welding Co. produces 
both riveted and welded stacks. It states, 
however, that a rapidly increasing number 
of owners are demanding the welded product. 
Welded construction results in 100 per cent 
efficiency of joints in a stack as compared to 
60 per cent for riveted construction. Breach- 
ings and gas and smoke conductors in a stack 
generally allow leakage when riveted, which 
spoils the vacuum, hence handicaps the draft. 
When these parts are welded, the joint is 
100 per cent air tight. Joints of a stack that 
must be subjected to heat strains can be held 
tight when welded, where they will give if 
riveted. Moreover, a welded stack has no 
rivet heads or rough edges to collect soot and 
soft coal, which form sulphuric acid and eat 
into the stack. 


Steel Flasks 

So successful has been the application of are 
welding to the building of steel flasks, specially 
formed shells used in making sand molds in 
foundries, that one of the largest producers of 
these has entirely discontinued the manu- 
facturing of the cast or riveted product in 
favor of the welded steel flasks. 

The arc-welded flasks afford decided ad- 
vantages over other styles, engineers report. 
Because the electric welding makes the 
sections practically one piece, the flasks are 
given greater strength and rigidity. The 
welded steel products also eliminate all 
annoyance caused by pieces coming apart as 
is apt to be the case with bolted or riveted 
flasks. 

The flasks are made in a wide range of 
sizes from the small bench-work styles up to 
the large, heavy-duty sizes. The lighter 
flasks are built of 144 and 3/16-in. steel, 
while the larger and heavier ones are made 
from 14-, 5/16-, and 3%-in. steel. The shells 
of welded steel construction are being made 
in practically any square or rectangular 
shapes. The cope or drag of the flasks ranges 
from 2% to 18 in. in depth. 


All-welded Steel Furnace 
Welding also gives a leak-proof and strong 
union in the construction of steel furnaces, @) 
4) “"Peodratie Se faaghe TE figs hina Oy oe ene 
Tue gon bie Welders Since 1898, Welding Engineer, 
(*) ‘‘Electric Arc Welding on Steam Locomotives." } 
B. Brady, GENERAL ELEctTrIc REvinw, Oct., 1924, Ds egy. vis 
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Locomotive Tender 

A locomotive tender has been completely 
arc welded at the West Springfield shops of 
the Boston and Albany Railroad. The tender 
tank is 26 ft. long, 10 ft. wide, 5 ft. high, and 
has a capacity for 8000 gallons of water and 12 
tons of coal. It is used with a Pacific type 
locomotive for passenger service.) Arc weld- 
ing is satisfactory for this work, as it can be 
done economically and with strength of joints 
in excess of that usually obtained from 
riveted construction. Some 1200 ft. of weld- 
ing are usually required on a tank of this sort. 


Fig. 3. Sheet Steel Transformer Tanks Welded with 
Automatic Arc Welder 


Miscellaneous Applications 

A very large number of rear-axle housings 
are now built by using the automatic arc- 
welding machines. 

Water jackets may be formed economically 
of steel tubing and assembled by arc welding, 
using hand or automatic welding. 

Radiator covers may be assembled very 
quickly and economically by welding light- 
gauge metal with either the metallic elec- 
trode operated by hand or by the automatic 
aic-welding machine. 

Artistic baskets, guard rails, and lawn 
rollers have been welded on a production 
basis. 

Silent chain drives are now enclosed in 
welded casings which keep out dust, retain 
oil, and increase safety. 

Attractive medicine cabinets for bath 
rooms are now entirely constructed by weld- 
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ing, using oxy-acetylene, electric arc, and spot 
welding. 

Ballast boxes are economically constructed 
by use of welding and are of a very rugged 
design. 

A job welding shop in Oklahoma has proved 
that welding results in a stronger, neater, 
and more satisfactory job for greasing racks 
and tank supports, with a saving of approxi- 
mately one-third on labor. 

A sky scraper swimming pool was con- 
structed on the twenty-first story of the 
Chicago Union League Club. Are welding 
was used to insure absolute tightness.) 


Fig. 4. Automatic Arc Welding of Sheet Steel Transformer Tanks. 
also shown. The machine has provision for preparation of work on one side 
by one man, while on the other side the machine is welding work 
already set up. This cycle is continuous 


The Use of Arc Welding in the Factories of the 
General Electric Company) 

Are welding has been used at the several 
works of the General Electric Company for 
several years past with marked success. Its 
introduction has been responsible for a change 
in design of some of the lines of apparatus 
whereby the use of arc-welded boiler plate 
has been substituted in place of cast-iron. 
It is a matter of interest to note that in one 
of our factories, in 1913, we were using twelve 
arc welders on thin sheet steel (1/16 in. and 
3/32 in.) transformer tanks. The seams were 
welded by means of the carbon arc, there being 

(3) ‘‘A Sky Scraper Swimming Pool,'’ Welding Engineer, 


Sept., 1925, p. 17. 


pep he remainder of this article is quoted from a report by 
M. A. Atuesta, Chairman of the General Electric Company's 


inter-factory welding committee. 


Assembly of tanks 


no metallic electrode welders employed at 
that time. ‘Today the same factory is using 
57 are welders, 52 using metallic electrodes, 
and 5 carbon electrodes. Each month these 57 
welders consume 13,500 lb. of welding wire, 
1000 carbon pencils, and 40,000 kw-hr. of 
electrical energy. They do 67,500 ft. of weld- 
ing, which works out at an average of 6.2 ft. 
per hr. for each welding operator, This 
includes much preparatory work. The speed 
when actually welding is of course much 
greater. The consumption of electricity 
averages 0.59 kw-hr. per ft. of weld. The 
consumption of welding wire works out at an 
average of just about 1 lb. per 
welding operator per hour. 
While actually engaged in weld- 
ing, the consumption is of course 
at a considerably higher rate. 

The following are the different 
lines of apparatus on which are 
welding is being used: 


Transformers 

Arc welding is used for tanks, 
transformers, regulators, meter- 
ing equipments, conservators, 


transformer breathing pipes, 
treating and dipping tanks, 
trucks, racks, and bushing 


adapters. From several years 
of experience in making oil-tight 
joints and seams such as are 
required on transformer work, 
we have found that are welding 
is about 15 per cent cheaper than 
riveting. These figures are esti- 
mates based upon average con- 
ditions. In one of our factories 
where welding has replaced cast- 
ings on the tops and bottoms of some trans- 
formers, a saving of about 25 per cent was 
made. Figs. 2, 3, and 4 relate to arc welded 
transformer tanks. 


Locomotives 

We are using arc welding for electric 
locomotive parts, and it has taken the place 
of riveting for battery boxes, cabs, gear cases, 
air compressor frames, air compressor crank 
shafts, controller frames, miscellaneous brack- 
ets,andcabs. Studsin split gears are secured 
by the carbon arc. By the use of heavy 
currents, deep penetration is secured. Gas 
welding cannot be used on this line of work 
due to the gears being heat treated. The aver- 
age saving secured on this line of work is 
approximately 25 per cent. 
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Electric Motor Frames 

Automotive motor frames made of 5%-in. 
steel plate rolled and welded by the automatic 
arc-welding machine have displaced the steel 
casting with a saving of $2 per frame. 


m4 et i 


Fig. 5. A 220,000-volt Hand-welded Oil Circuit 
Breaker Tank 


Pole-piece Assembly 

Laminated pole pieces are welded after 
assembly to prevent their creeping when 
being drilled and tapped. We have found that 
this work can be done only with arc welding. 


Commutator Shells 


‘Commutator shells made of stamping steel 
are assembled by are welding. Their weight is 
much less than the cast shell and no machine 
work is required. 


Motor Bases 


Bases for motors and motor-generator 
sets are made of channel iron and I-beams, 
are welded together. The outstanding feature 
of these bases is light weight, combined with 
strength and quick assembly. They have 
replaced the cast-iron base. The saving 
obtained on this kind of work has been 25 
Der Cent, 


Motor Fields 


_ Induction-motor field punchings are pressed 
into a seamless steel tube and the end-rings 
arc welded, which does away with rivets 
through the punchings. While no particular 
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economy in manufacture has been effected, 
this method results in a better field because 
the increased compactness does away with 
loose laminations. 


Terminal Boards 

Terminal boards for motors which are 
arranged for armored conduit connections are 
assembled by are welding because of the high 
speed of this operation. 


Generator Stator Frames 

Generator stator frames which were made 
from castings are now fabricated from steel 
plate and arc welded. The saving from this 
change is considerable. 


Oil Pans 


Oil pans for vertical waterwheel-driven 
alternators which were made by riveting and 
soldering to obtain leak-proof joints are now 
are welded, and complaints from leaky joints 
have ceased. 


Oil Circuit Breakers 


Oil switch tanks originally made by gas 
welding were changed to arc welding several 


Fig. 6. Crane Runway Attached by Arc Welding 


years ago and a saving of 20 per cent was 
effected. After the automatic welding process 
was introduced for these tanks, an additional 
15 per cent saving was effected, making 
a total saving of 85 per cent as a result 
of changing from gas to automatic are welding. 
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Fig. 5 shows a 220,000-volt hand-welded oil 
circuit breaker tank. Since introducing arc 
welding in the construction’ of oil circuit 
breakers, steel frame-work, sheet-steel sole- 
noid housings, galvanized frame-work, and 
rotary auxiliary switches are being welded. 
Supporting pipes for switchboard panels 
and footplates for fastening them to the floor 
were formerly tapped and threaded. These 
are now being arc welded and show a saving 
of two to three cents each, more than 100,000 
being used in a year. 
Miscellaneous Tanks 

Tanks of various descriptions used in the 
factory, such as oil, water, water rheostat, 
and ship regulator tanks, all of which were 
formerly in most cases riveted, are now 
being welded and show a saving of approxi- 
mately 25 per cent. 
Miscellaneous Structural Iron 

Fabricated frames for truck panels are 
mostly arc welded. The exact saving is not 
obtainable. We are also are welding a quantity 
of structural steel work in several of our 
factories, the saving in many instances show- 
ing at least 15 per cent. Fig. 6 shows the 


Fig. 7. All Electric Welded Cabinet 


use of arc welding in attaching a crane 
runway to the steel framework of a factory 
building. 
Castings 

Large steel castings defective in some re- 
spect are now being saved and made usable 
by the use of arc welding. We are unable to 


estimate the saving effected in this line of work 
owing to the fact that prior to the use of 
arc welding many of these castings were 
rejected and had to be replaced by new cast- 
ings, there being times when the defects were 


Fig. 8. Steel Shop Ladder Made of Steel Pipe 
by Arc Welding 


not discovered until machining operations 
had been started. All of this trouble has been 
eliminated by arc welding. 


Miscellaneous Shop Equipment 

Steel racks, lockers, cabinets, and shelves 
are now being welded showing a saving as 
high as 40 per cent. Fig. 7 shows an arc- 
welded cabinet. Fig. 8 shows a welded-steel 
shop ladder, and Fig. 9 some welded stools. 


Furnaces 

Furnaces of different descriptions that were 
previously riveted are now in most cases being 
electrically welded. 


Mercury Boiler 

Mercury boilers, turbines, condensers, and 
accessories are practically all electrically 
welded. It is difficult to estimate the amount 
of money saved by welding, but we feel reason- 
ably sure that without the use of arc welding 
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we would be unable to make some of this 
equipment leakproof. This was shown in 
the early stages of the manufacture of the 
mercury boiler when some of the equipment 
was riveted and it was found later that it 
was necessary to weld these parts in order 


Fig. 9. Steel Shop Stools Made of %-in. Pipe 
by Arc Welding 


to make them leakproof. Fig. 12 shows the 
arc-welded shell in which the mercury vapor 
is condensed. 


Arc Lamps 

Guide tubes for arc lamps, 
consisting of a steel tube and 
malleable iron support, are now 
arc welded. Considerable time 
and money has been saved by 
this change from gas welding. 


Rectifiers 


_ Armatures for mechanical 
rectifiers are now being assem- 
bled with the use of arc welding, 
due to the fact that the weight 
of the component parts must be 
the same before and after assem- 
bly. It is of interest to note that 
these parts are welded with an 
electrode about 1/32 in.in diam- 
eter, using a current of 8 amp. 


Compressors 
_ The chief advantage in weld- 
ing compressor castings lies in 
the fact that welding makes 
flexibility of design readily possible. For this 
purpose only the arc can be used. 
High-pressure Oil Pipes for Turbines 

Flanges for holding pipes together were 
originally threaded to the pipe and in some 
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instances welded with gas. By making a 
slight machine change in the piping and 
flange, an oil-tight joint can now be made by 
welding with the arc. Fig. 11 shows a welded 
strainer for a steam supply line for a high- 
speed turbine. The screen material is monel 
metal. 


Building Up Shafts 

A great many armature shafts used 
throughout the factory which have become 
worn at the journal or at the coupling or 
pulley fit are now being welded without strip- 
ping the armature, thereby causing an im- 
mense saving which is rather difficult to 
estimate. 

In many cases a complete armature is 
reclaimed by merely building up the shaft. 
The work has been done by automatic means. 


Copper-hydrogen Brazing Furnaces 

The copper-hydrogen brazing furnaces used 
in our factories are now being are welded, 
primarily to prevent the leakage of hydrogen 
gas. We are also tack welding the several 
parts to hold them together before they are 
placed in the brazing furnace. 


A Large Annealing Cart Completely Electric Welded 


Wire Enameling Machines 

By arc welding, wire enameling machine 
jackets can be assembled in the towers in 
about one-half the time that was formerly 
required. 


—_— +. 
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Flow-meter Nozzles 


The construction of flow-meter nozzles 
when made of steel is such that it is impossible 
to form them in a die without splitting the 
flange. This has been overcome by making 
them in two parts and automatically welding 
the parts together. 


Jigs and Fixtures 


Jigs and fixtures are cut and assembled by 
are welding. This does away with an expen- 
sive pattern which is used only once. Many 
times the completed jig costs less than the 
pattern itself. One important saving in this 
line of work is time. 


Miscellaneous 


Flash backs, manifolds, various pipe con- 
nections, and Nichrome ribbon used for resis- 
tors in heating units, are now being arc welded 
due to the ease with which the parts can be 
assembled. Other parts which are being arc 
welded and upon which we are unable to 
ascertain the amount of saving are such as: 
truck floors, racks, bearing brackets, broken 
gears, leaky locomotive boiler tubes, broken 
automotive frames, steel plates for molding 
insulation, and armature spiders. 


Conclusion 

As a general observation gained from our 
experience in the making of tight joints and 
seams, such as are required in much of our 


work, we have found that arc welding is about 
15 per cent cheaper than riveting. 

In the welding of thin sheets up to 1/16 in. 
the cost of gas welding is no higher than arc 
welding, while for thicknesses greater than 
1/16 in. arc welding is cheaper. 


Fig. 11. Strainers for Turbine Steam Lines. The inside 
screen (A) is of monel metal and the outside screen 
(C) is of steel 


Satisfactory oil-tight seams cannot be 
made in steel much thinner than i in. by 
riveting. Riveted seams in this thin steel are 
usually soldered or a gasket is employed to 
guarantee a tight joint. With the electric 
arc this is not necessary. 


Fig. 12. Special Condenser Boiler Shell. All seams electric arc welded 
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Electricity in the Manufacture of Ice 


By D. W. McLENEGAN 


INDUSTRIAL ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


Heat naturally flows in the direction of lower temperature and can be made to flow into a region of 
higher temperature only by applying an ingeniously arranged series of Nature’s laws together with a 
supply of mechanical energy—which paradoxically is equivalent to expending heat energy in order 
to get rid of heat. Having once accepted this, there are theoretically several methods of energy supply 
which can be adapted to the production of refrigerating temperatures. Steam power, water power, and oil 
engine power have been successfully employed for this purpose. Theory alone, however, does not tell us 
the most practicable and inexpensive way to make ice. It has taken years of experience and a constantly 
increasing pressure of competition and the limitations of space to demonstrate that electricity in ice manu- 
facture can attain economies and reliabilities impossible with any other form of power supply. The present 


article gives a complete picture of a block of ice made by electricity.—EpITorR. 


General Advantages of Electric Drive 

Within the last few years the manufac- 
ture of raw water ice by artificial means has 
become so extensive that in the larger cities 
manufactured ice has practically supplanted 
natural ice for domestic use. Accurate data 
are not available on the present extent of the 
manufactured ice industry, because the pro- 
duction has increased so rapidly since the 
last census (1920), due to the application 
of electric drive to ammonia compressors. 
Manufactured ice has a great advantage 
over natural ice in large cities, where the 
quantity required is so great that it is im- 
practicable to harvest all of the latter in the 
winter and provide storage capacity to carry 
it through the summer. However, many ice 
plants provide storage capacity for about 
one month’s output, as this capacity will 
absorb the production during the early 
season, as well as reduce the demand on the 
ice making machinery during the summer. 

Nearly all of the ice plants which are 
being installed at present employ electric 
drive for the main units and the auxiliaries. 
In addition, many steam-driven plants are 
being converted to electric drive. The change- 
over from steam engines to electric drive for 
the compressors has been due largely to the 
increased economy of operation and the 
saving in space which the electric plant per- 
mits. By using central station power, the 
ice plant operator eliminates his own boiler 
plant, engine, and the necessity of having 


a coal storage space and a means of ash 
removal. The expense of firemen and boiler 
room attendants is also obviated. In some 
of the _metropolitan districts, the power 
companies make special arrangements to 
insure reliable service to the ice plants. In 
New York, for exa 


; group of large ice 
plants is served b: pecial high-tension 
circuit which carries ther load. 


Diesel engines also have been advocated 
for driving ammonia compressors, but com- 
paratively few installations of this type have 
been made, the majority being steam engine 
or electric motor drives. 

The main requirements of an ice plant 
power system are that it should be reliable 
and flexible. Since most of the profit in the 
ice business is made during the few summer 
months there must be no interruption of 
production during this time due to trouble 
with the machinery. Ice plants are being 
designed with this point in view and dupli- 
cate equipment is frequently found on such 
apparatus as cooling water pumps, brine 
circulating pumps and agitation air com- 
pressors. Excess capacity is often provided 
in the transformers. As regards flexibility, 
where several compressors are installed, the 
operator can shut down one or more and the 
electrical equipment will still operate at 
full-load efficiency. In a steam plant this is 
impossible because some of the boilers must 
be taken out of service or run at reduced 
capacity, which gives poor economy. How- 
ever, although economy and efficiency of the 
apparatus are of great importance, the equip- 
ment selected must primarily insure the 
operator of continuous service during the 
busy season. 

Another advantage which has furthered 
the application of electric drive in ice plants 
is the relative ease with which the electrical 
equipment may be located to suit the space 
requirements of a plant. Except for such 
items as floor strength and the cost of feeder 
cables, the ice plant layout may be made 


practically without considering the effect of- 


the location on the electrical apparatus. 
The motors and compressors may be located 
in the upper section of the plant, if this is 
found desirable, whereas engine drive re- 
quires the compressor to be down near the 
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boiler in all cases. Transformers may be 
housed adjacent to the compressor room, 
or located on the roof. If the plant is built 
on valuable land, or has to be fitted into a 
certain space, this adaptability of electric 
drive is a considerable advantage, since the 
plant may be laid out to suit the needs of 
the refrigerating system, unhampered by 
considerations affecting the drive of the 
main units and the auxiliaries. 

Several representative installations of elec- 
tric drive in ice plants are shown in Figs. 
1 to 4. 


Process of Ice Manufacture 

The operation of an ice plant will first be 
briefly outlined, starting with the finished 
product and tracing backward the steps of 
the process by which it is made. Following 
this, detailed consideration will be given to 
the different types of machines employed in 
the sequence of manufacture, together with 
the electrical apparatus for their drive. 
Fig. 5 is included as a schematic diagram of 
the equipment. 

The ice cake is formed in galvanized cans 
previously filled with water which during the 
process gradually freezes from the sides of 
the cans inward, until a solid mass is pro- 
duced. Refrigeration results from these con- 
tainers being three-quarters submerged in a 
large tank of brine maintained at a tempera- 
ture below the freezing point of water. 

The brine itself must be kept cool by a 
still colder medium, the ammonia. Cooling 
coils containing ammonia gas at low pressure 
(15 to 20 pounds gauge) are located in the 
brine tank, and since the ammonia is only 
partially vaporized, it can absorb heat 
from the brine without an increase in its 
own temperature, which is from zero to 
5 deg. F. 

The heat which has been passed along from 
the fresh water to the brine and then to the 
ammonia must finally be taken out of the 
ammonia also and the method of doing this 
is the same in nearly all ice plants. After 
passing through the brine tank, the ammonia 
gas is drawn into the compressor and raised 
to a pressure which varies from 150 to 225 
Ib. per sq. in., depending on the design of 
the plant and local operating conditions. 
Its temperature will then be 85 to 110 deg. 


The high pressure ammonia gas from the 
compressor passes through the tubes of a 
condenser, where ordinary city water flowing 


around the tubes may be used 


: to carry away 
the internal heat of the gas 


nd condense it 
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to liquid form. From the condenser, the 
ammonia liquid flows into a small reservoir 
and is then allowed to expand through a 
reducing valve to a pressure of 15 to 20 Ib. 
per sq. in. above atmospheric pressure. 
In expanding, the liquid becomes partially 
vaporized, and its temperature drops to the 
low value, 0 to 5 deg. F. In this condition, the 
vapor is piped to the cooling coils in the 
brine tank, where it accomplishes the cooling 
of the brine. 

To sum up, then, the ammonia gas absorbs 
heat at about 5 deg. F., in the brine tank, 
and gives up heat at about 95 deg. in the 
condenser. The compressor, therefore, has 


mune, 


Fig. 5. Diagrammatic Layout of Equipment in 
a Typical Ice Plant 


served merely as a heat pump or ‘‘elevator’’ 
to permit the removal at high temperature 
of the same energy which was added to the 
gas at low temperature. 

To raise the ammonia gas from its low 
level of 5 deg. and 15 lb. pressure to the 
high level of 95 deg. and 185 lb., work must 
be done. This work is supplied by the elec- 
tric motor driving the compressor. Also, 
the circulation of the brine in the ice tank 
and the cooling water in the condenser must 
be maintained by external means, and motor- 
driven pumps, with their electrical control, 
must be provided. If the power supply is 
at a voltage too high for the motors, trans- 
formers must be provided to reduce the 
voltage to a value best suited to the motor 
requirements. 


Plant Equipment 

To describe the equipment of a typical 
ice plant, the foregoing outline must be 
modified to include a description of the many 
auxiliary devices, as well as the character- 
istics of the main units. To correspond 
with the outline, the equipment will be de- 
scribed in the same sequence, as nearly as 
possible. 
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Ice Cans and Brine Tanks 

Certain features of construction are common 
to nearly all raw water ice plants. Galvanized 
iron cans in which the water is frozen are of 
dimensions approximately 10 in. by 20 in. 
by 48 in. in height. These cans are placed 
vertically in the brine tank and filled to a 
level which yields a 300-lb. cake of ice. The 
number of cans in a single brine tank varies 
with the design of the plant and may be 
as high as a thousand. The space between 
adjacent cans is very small, usually three or 
four inches, and the ammonia piping extends 
between these cans to cool the brine. In 
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Fig. 6. Vertical Agitator Motor Installed 
Above Brine Tank 


other systems, the piping is located only 
between two brine tanks and the brine is 
circulated around the piping and then 
through the tank. There is sometimes a 
vertical partition running down the middle 
of the tank. The brine is kept in circula- 
tion around the ammonia pipes and around 
the ice cans by means of centrifugal pumps 
located adjacent to the taak and driven by 
squirrel-cage motors. In addition to these, 
two or three vertical propellers, each driven 
by a 3-h.p., 900-r.p.m. vertical induction 
motor, Fig. 6, are used to keep the brine in 
motion in the corners of the tank where the 
circulation would otherwise be poor. 

Where removable ice cans are used the 
general practice is to lift from one to six cans 
of ice out of the brine at one time and con- 
vey them by an electric crane over to the 
end of the ice floor where there is generally 
a tank full of warm water which serves to 
loosen the ice cakes from the ice cans. 
This water comes from the jacket of the com- 
pressor or is taken from the circulating water 
which has flowed through the condenser. 


Air Agitation 

If clear transparent ice is to be obtained, 
it is necessary to keep the water in the 
cans in motion while the freezing occurs. 
The freezing begins at the edge of the cans 
and progresses towards the center. If the 
water in the can is kept in circulation 
by air bubbling through it, the impuri- 
ties will be gathered into a small core 
in the center. Before the ice cake is com- 
pletely frozen, these impurities, together 
with the remaining water, are drawn out 
either by a suction tube inserted into the 
ice can or by a drain in the bottom of the 
can, where stationary cans are used. With 
removable ice cans, a core suction pump 
must be used for drawing off the water and 
theimpurities. This is driven by a squirrel- 
cage motor of 1 to 3 h.p., 900 to 1200 r.p.m., 
geared to the pump. 

Air for agitating the water enters through 
a small tube which reaches nearly to the bot- 
tom of the ice can, so that the air can bub- 
ble up through the water. Various arrange- 
ments of the air pipe are used by different 
manufacturers. In one type of construction 
the pipe is solidly connected to one side of the 
ice can. In other systems, the pipe is frozen 
into the cake of ice, and later removed by 
thawing with hot water. Two systems of 
air agitation for the ice cans are in general 
use. Some manufacturers of ice machinery 
recommend a pressure as high as 20 pounds, 
while others use low pressure systems which 
operate on 5 or 3 pounds pressure. 


Air Compressors 

High-pressure agitation air is generally 
supplied by a small reciprocating air com- 
pressor of the single-cylinder, double-acting 
type, running at a speed of 240 to 360 r.p.m. 
The general practice has been to drive this 
compressor by a belted squirrel-cage motor 
running at 900 r.p.m. Many large plants, 
however, have used direct-connected synchro- 
nous motors for agitation service where an 
air compressor of 40 h.p. or more was required. 
Such an installation is shown in Fig. 7. 

Synchronous motors of 20 h.p. and higher 
are now coming into use for this service, since 
they can easily be overhung on the shafts of 
the compressors. With speeds of 240 to 
360 r.p.m., the flywheel requirements are 


- easily met, and a considerable saving in 


space may be made over that required by 
belted units. 

A few plants having high-pressure agitation 
systems use a positive pressure blower instead 
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of the reciprocating compressor. Such blow- 
ers are commonly driven by direct-connected 
squirrel-cage or belted motors running at 
600 r.p.m. or more. The amount of agita- 


tion air required with a_ high-pressure 
system varies from 0.25 to 0.5 cu. ft. 


Fig. 7. 


per min. for each 300-lb. can. The lower 
figure is probably adequate in nearly all 
cases. 
Dehydrator 

With high-pressure agitation systems, it is 
necessary to have a dehydrator for the air. 
After compression, the air is high in hu- 
midity. If it were allowed to go directly 
to the ice can, the moisture would con- 
dense and would very soon freeze up the 
agitation tube which is only 14 in. in diameter. 
The air supply would then be cut off, and the 
ice would become clouded and would also 
freeze up the impurities which are ordinarily 
drained off. j 


Low-pressure Agitation System 

In low-pressure agitation systems which ad- 
mit the air from the top of the ice cans 
through a pipe similar to a high-pressure agita- 
tion pipe, a pressure of 5 or 6 lb. per sq. in. is 
generally used. This is a higher pressure 
than an ordinary centrifugal blower will 
furnish, but is easily obtained with a positive 
pressure blower driven by a direct-connected 
or belted induction motor 

The freezing systems which admit air at 
the bottom of the ic 


Can) operate Ssuccess- 
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fully on 3 lb. pressure which permits the use 
of a small centrifugal blower for agitation 
air supply. Such compressors are furnished 
with a direct-connected, 3600-r.p.m. squirrel- 


cage motor carried on the casing, so that 
an additional foundation for the motor 
is not required. A unit of 


this type is illustrated in 
Fig. 8. This system uses 
a larger pipe, of approxi- 
mately M%-in. diameter, so 
that if the air pressure fails 
for a short time, the pipe 
will not become clogged up 
or freeze over, and the 
agitation can be resumed 
as soon as the air pres- 
sure is supplied again. The 
high-pressure system on 
the other hand relies on 
being able to force out of 
the pipe any obstruction 
which may have formed, 
provided the pipe is not 
entirely frozen over. 


Air Storage Tanks 

Some of the smaller 
plants have an air storage 
tank which takes the place 
of a standby air compressor. One 90-ton 
plant, for example, has a storage tank which 


Fig. 8. 6-h.p. Induction Motor-driven Compressor Deliv- 
ering 250 cu. ft. of Agitating Air Per Min., at 
3% |b. per sq. in. 


will supply agitation air to the plant 
for half an hour. ‘This tank is pumped up 
to 225 lb. pressure by means of a small 
motor-driven reciprocating compressor which 


al 
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requires several hours to pump up the tank. 
The compressor is driven by a 2-h.p. motor, 
A reducing valve is supplied for reducing 
the air pressure to a usable value of 15 lb. 
However, in the larger plants it would not 
be practicable to install a tank of sufficient 
capacity to give an air supply for any length 
of time and therefore a 

standby compressor is fre- ym 

quently installed. 


a* 


Brine Pump 

The brine circulating 
pumps have already been 
mentioned. It is important 
to secure only a moderate 
circulation of the brine be- 
cause if the flow is too 
great it will actually raise 
the brine level in one end 
of the tank and lower it at 
the other. In this case the 
rate of freezing will not be 
uniform throughout the 
tank. Squirrel-cage motors 
running at 1200 or 1800 
r.p.m. are almost univer- 
sally used to drive centrif- 


installations at the present time are being 
made with this arrangement, Fig. 10, except 
where space limitations prevent the use of a 
direct-connected motor with the additional 
flywheel which is necessary in some cases. 
Motors of this type are built in a wide 
range of sizes, from 20 to 800 h.p. or higher, 


ugal pumps for this service, Fig. 10, 750-h.p. Synchronous Motor Driving Compressor at the Los Angeles 


Fig. 9 showing an instance 
of such application. 


Ammonia Compressor Moto» 
For driving the ammonia compressor, the 
arrangement generally recommended is a low- 


Fig. 9. Tandem Installation of Motor-driven 
Brine Pumps 


speed synchronous motor with rotor mounted 
directly on the compressor shaft. Most of the 


(1) *A Short Method of Calculating Fiywheels, by ALR. 
Stevenson, Jr., Genera Exvrcrric wview, October and 
November, 1925. P 

() "Flywheel Requirements for Unbalanced Air and Am- 
monia Compressors,’ by C. W. Cutler, Refrigerating En- 
gineering, September, 1925. bye! 


t 


Ice and Cold Storage Company's Plant 


and the large number of synchronous speeds 
within the ammonia compressor range (72 to 
300 r.p.m.) makes it possible to choose a 
motor well suited to drive nearly any stand- 
ard type of compressor. In spite of the 
comparatively low speeds required, the 
direct-connected synchronous motor in small 
sizes has an efficiency practically equal to 
that of a belted induction motor, and in 
larger sizes a better efficiency is obtained. 
The kilowatts of direct-current excitation 
required vary from about 5 per cent of the 
motor input, on some of the smaller machines, 
to about 1 per cent on large motors. The 
low speeds also make it possible to design 
motors having low starting currents, and in 
consequence, the practice of starting com- 
pressor motors on full voltage is rapidly 
increasing. 

Due to its characteristic constant speed, a 
synchronous motor direct-connected to a 
compressor will draw a load current depend- 
ing on the momentary variations in the 
torque required by the compressor. The 
problem of choosing the correct amount of 
flywheel effect for compressor drives has been 
investigated in great detail,” since the 
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torque pulsations must be limited to a value 
which wil! not injure the motor, nor cause 
serious fluctuations in the line current. It 
is now possible to predict within a few per 
cent the variation in current which will 
result with any given combination of com- 
pressor, motor, and flywheel, and arrange- 
ments can be made to incorporate the 
necessary amount of flywheel effect (Wk?) 
in the rotor of the motor or in a separate 
flywheel before the compressor is installed. 
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induction motor, in addition to the advan- 
tage of unity or leading power-factor. In 
motorizing old steam-driven compressors, the 
belted motor is frequently the best alterna- 
tive, since compressors of this class usually 
operate at speeds of 70 to 100 r.p.m. and 
space limitations sometimes prevent the 
installation of a direct-connected synchro- 
nous motor with suitable flywheel effect. The 
advantage in first cost is in favor of belt 
drive. In some extreme cases, the slip-ring 


Fig. 11. Seven-panel Switchboard for Controlling 1600 h.p. 


The stator of the synchronous motor rests 
on sole plates extending parallel to the com- 
pressor shaft. To allow easy access both 
to the rotor and stator, the sole plates are 
made long enough to permit movement of 
the stator sufficient to expose the rotor com- 
pletely. 

A smaller number of installations make 
use of a high-speed belted synchronous or 
induction motor, furnished with a base 
shaft and either two or three bearings. For 
applications of this class, the belted syn- 
chronous motor, at unity or leading power- 
factor, is generally the most desirable, since 
it has the advantage of high efficiency, and 
also starting and synchronizing torques equal 
to the starting and running torques of an 


motor must be chosen because of the excessive 
starting duty involved in accelerating the 
heavy flywheels of these old machines. 

There are also several successful installa- 
tions of slip-ring motors connected to com- 
pressors through reducing gears or by chain 
drive and a few installations of synchronous 
motors with chain drive. However, since 
the synchronous motor cannot slip more than 
a few degrees with the variations in load, 
the flywheel effect must be carefully con-- 
sidered, and the chain must be of adequate 
size to avoid excessive strain and eventual 
breakdown. 

Since the ammonia compressor motors 
usually constitute more than 65 per cent 
of the ice plant load, and since the induction 
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motors driving the auxiliaries run at 
high speeds with fairly good power-factor, 
the power-factor of the plant will be near 
unity without requiring a leading power 
factor on the compressor motors. In a 
majority of ice plant installations, the com- 
pressor motors are designed for unity power- 
factor operation, although leading power- 
factor motors of the same horse power and 
speed are available. These motors, how- 
ever, are larger and more expensive, and the 
additional investment is not considered to 
be justified in most cases. 


Fig. 12. Automatic Starting Panel 
for Synchronous Motor 


Control 

In the larger plants, the compressor motor 
panels and exciter panels are generally lined 
up with the incoming panel and the distribu- 
tion panels, Fig. 11, so that all of the main 
control for the plant is centered in one place. 

The distribution panel, which often serves 
also as a metering panel, includes an oil circuit 
breaker of sufficient capacity to safeguard 
the plant in case of ashort circuit. In plants 
operating from a high-tension line of large 
capacity, this point is of particular impor- 
tance. The metering equipment may include 
a recording or a graphic watthour meter, a 
power-factor indicator, maximum-demand 
meter, or a recording voltmeter, depending on 
the extent to which the operating engineer 
desires to analyze the operation of the plant. 


If high-voltage motors are used for driving 
the compressors a transformer panel with a 
suitable circuit breaker may be provided 
ahead of the step-down transformers used 
for supplying low-voltage power to the 
auxiliary motors of the plant. A low-voltage 
distribution panel is usually employed, having 
knife switches to control the lines to the 
various auxiliaries, as well as the lighting 
circuits. 

Several types of synchronous motor panels 
are in general use for controlling the main 
units. Since most of the compressor motors 
of a few years ago were belted induction 
motors, manually-operated reduced-voltage 
starters have probably been most frequently 
used. However, with the increasing use of 
synchronous motors, the automatic starter, 


Fig. 13. Motor-generator Exciter Sets, Huffel 
Ice Plant, New York City 


with push-button control, has been widely 
applied. This starter, Fig. 12, carries out. 
the starting operations without variation 
and provides additional safeguards which it 
is difficult to incorporate in a hand-operated 
panel. The full-voltage automatic starter, 
by which the motor is thrown directly on 
the line, has followed the development of 
synchronous motors having low inrush cur- 
rents at starting, and its use is increasing 
rapidly wherever the supply circuit is of 
sufficient capacity to withstand the momen- 
tary load. ‘‘Across the line” starters have 
the advantage of simplicity and cheapness, 
and the application of full voltage brings the 
motor up to speed quickly and without hesi- 
tation, cutting down the duration of the 
starting inrush. 


Exciters 

Where several synchronous motors are in- 
stalled, a single motor-generator set for exci- 
tation is usually employed, with a duplicate 


854 December, 1925 


set as a spare, as in Fig. 13. A double- 
circuit exciter panel then forms part of the 
switchboard, so that the exciters may be 
paralleled, and the load shifted from one 
to the other without interrupting the opera- 
tion of the synchronous motors. 

For isolated motors, or motors operating 
intermittently, individual belted exciters or 
motor-generator sets are used, no control 


Fig. 14. . Bank of Oil-cooled Transformers Typical 
of Ice Plant Installations 


being used with the belted exciter. If the 
synchronous motor operates on low voltage 
and is started on full voltage, the motor 
driving the exciter may be connected across 
the synchronous motor terminals, and started 
simultaneously with the main motor. Due 
to its small inertia, the set will reach full 
speed and the exciter voltage will build up 
in time to furnish excitation for synchroniz- 
ing the motor. 


Transformers 

Where a large block of power sufficient 
for the plant is available at a moderate 
voltage, up to 2300 volts, the compressor 
motors are designed for this voltage and 
the transformers are used only for supply- 
ing power to the auxiliary motors of the 
plant generally at 220 or, at most, 550 
volts. But many ice plants which use 
a large amount of power are served by 
high-voltage lines at 4150, 6600, 7800 or 
13,200 volts. Although 4150- or 4600-volt 
motors are frequently used, transformers are 
generally used at the higher voltages, since a 
lower voltage permits the design of motors 
of greater reliability and better operating 
characteristics. “4 
_ Where the initial expense is not prohibi- 
tive, it is good practice to install three single- 
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phase transformers of such a rating that, 
in case of failure of one transformer, the 
remaining two operating in open delta 
connection could carry enough of the plant 
load to give uninterrupted operation. Fig. 
14 shows an installation of this kind. Since 
two single-phase transformers operating in 
open delta can carry only 58 per cent of the 
load which would be carried by three single- 
phase transformers of the same rating, this 
arrangement requires the use of oversize 
transformers. As an alternative arrange- 
ment, transformers of normal rating are 
sometimes used with an additional single- 
phase transformer as a spare. If the incom- 
ing voltage is above 550, a set of single-phase 
transformers or one polyphase transformer is 
installed to supply the auxiliary motors, 
the single-phase transformers being in more 
general use. Continuous operation of the brine 
pumps and circulating water pumps is just as 
essential as continuous operation of the am- 
monia compressor. The advantage of being 
able to isolate one of these latter transformers 
and operate the remaining two is evident. 


Ammonia Condensers 

The ammonia condenser is_ generally 
located on top of the plant out of doors, 
Fig. 15, and sometimes directly under the 


Fig. 15. Air-cooled Water Tower and Brine System 
on the Roof of a City Ice Plant 


cooling tower, which is used where the 
same water is circulated repeatedly for 
cooling. In this case the circulating water 
pumps may also be located in a small pump 
house on top of the plant and city pressure 
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is relied on to lift the water to the pump. 
Where water is pumped from a river or simi- 
lar source, it is necessary to have a fairly 
high-head pump for circulating water, some- 
times as much as 60 or 70 feet. The head, 
of course, will directly affect the size of motor 
required. The squirrel-cage motor running 
at 900, 1200 or 1800 r.p.m. and direct con- 
nected to the pump is used for this service, 
Fig. 16. 

The ammonia condenser in one form con- 
sists of a shell of pipes arranged in vertical 
tiers. Water drops over this shell from a 
trough located above it. Frequently the 
sprinkler holes of the trough become clogged 


Fig. 16. Direct-connected Motor-driven Centrifugal 
Pump for Water Circulation 


with cinders, and the water, instead of passing 
down over the pipes, overflows at the ends 
and reduces the effectiveness of the condenser. 
With the double tube type, this difficulty is 
avoided by having each ammonia pipe com- 
pletely enclosed, except at the ends, by a 
water pipe. Another type of condenser is 
the tube and shell type which is not unlike 
a locomotive boiler. Condensers of this 
type are generally located indoors. Water 
is pumped into the small reservoir on the top 
of the condenser and then flows down through 
‘long tubes which are open at the bottom. 
The ammonia vapor contained in the con- 
denser around the water tubes is condensed 
and drained off at the bottom of the con- 
denser. In a few plants, two-stage conden- 
sation is used. Water flowing to the cooling 
tower is used to cool the ammonia in a small 
condenser. After the water has been pumped 
through the cooling tower, it flows over the 
main condenser where the condensation is 
completed. 


Hoists and Conveyors 

The lifting motor of the ice floor crane 
is a slip-ring motor with a rope-operated 
resistance control. Where only one can 
of ice is handled at a time, a _hand- 
operated differential hoist is sometimes 
used. Occasionally the traveling motor 
is omitted and the attendant pulls the 
crane along the track. The chute by which 
the ice is lowered to the storage room is gen- 
erally an application for a slip-ring motor. 
In some cases, however, the motor is elimi- 
nated by using a counter-weighted hoist, 
which will go down when loaded with ice, 
and will return when the ice is removed from 
it. A small air cylinder is then used to give a 
cushioning effect. Where there is more 
than one ice floor, it is necessary to have an 
interlock on the elevator so that the loaded 
hoist coming down from the top floor will 
not trip the release on the second floor and 
allow a second load of ice to slide into the 
elevator shaft. This interlocking is gener- 
ally handled by a mechanical trip rather 
than by an electrical interlock. The motors 
used for the hoists vary from 5 to 15 h.p. 
depending on the amount of ice to be 
moved. 


Ice Benching Machines 

In the storage room a track conveyor is 
provided for moving the ice cakes across 
the floor. Asquirrel-cage motor of 1 to 5h.p. 
is used for this service. Benching machines 
are also in use in some of the storage rooms 
where the ice is piled high. Equipments of 
this kind are furnished with motors built in 
by the companies who specialize in these 
accessories. 


Ice Scoring Machines 

Scoring machines are used in some plants 
to mark the cakes of ice along the lines 
where they are later to be split up for 
distribution. The use of scoring machines 
is increasing because proper marking of the 
ice makes it easier to break up the 300-lb. 
ice cakes into uniform sections, and so 
reduces the amount of ice lost due to 
irregular breakage. The scoring is done by 
small induction motor-driven rotary saws 
which cut into the surfaces of the ice cake 
as it passes through the frame of the scoring 
machine. The driving motor is built into 
the scoring machine by the manufacturer. 
A single contactor may be provided for all 
of the motors of the scoring machine. An 
overload on any motor will then shut 
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Machine 


I. For the ice cans 

(A) Agitation air 
pressors 

High pressure 

Reciprocating type 


com- 


Low pressure 
Positive pressure 
Rotary blower 
Centrifugal com- 

pressor 
(B) Core suction pump 
(C) Ice can hoist 
Hoist motor 


II. For the brine tank 
(A) Brine circulating 
pumps 
(B) Brine agitators 
(vertical propellors) 


III. Forthe ammonia system 
(A) Condenser 
Circulating water 
pump 
(B) Compressor 
(1) Motor 


(2) Exciter or 


induction motor 
generator set 


(8) Transformers 
3 single-phase or 
one 3-phase pow- 
er transformer 
(4) Main control 
Incoming line and 
metering panel 
Motor panels 
Exciter panel 
Lighting and dis- 
tribution panels 


IV. For the ice moving and 
storage equipment 
(A) Crane 
(B) Conveyors 


(C) Ice benching machines 


(D) Ice scoring machines 


Motor 


Type of Drive 


Synchronous 


Squirrel cage 
Squirrel cage 


Squirrel cage 
3600 r.p.m. 
Squirrel cage 
Slip-ring or repulsion 
induction motor 


Squirrel cage 


900-1200 or 1800 r.p.m. 


Squirrel cage 
3 h.p., 900 r-p.m. 


Squirrel cage 


900-1200 or 1800 r.p.m. 


Synchronous 


Synchronous 


Slip-ring 


Slip-ring or repulsion 
induction motor 


Squirrel cage 


Squirrel cage 


| . 
Squirrel cage 


Direct connected 


Belted 

Direct connected or 
belted 

Built in 


Geared 


Geared 


Direct connected 


Direct Connected 
Vertical 


Direct connected 


Direct connected 


Belted 
Belted 
Belted 


Built in by crane manu- 
facturer 


Direct connected or 
chain drive 


Built in by manufacturer 


Built in by manufacturer 


Control 


Full voltage automatic, or 
compensator and field 
switch 

Compensator 


Compensator or enclosed 
switch 

Compensator or enclosed 
switch 

Enclosed switch 

Resistance control 


Double-throw reversing 
switch 


Compensator or enclosed 
switch 


Compensator or switch 


Compensator 


Full or reduced voltage 
automatic; reduced volt- 
age manual 

Reduced voltage, manual 
or automatic 

Resistor drum controller 
and primary switch 

None 

Compensator, or connect 
induction motor across 
synchronous motor panel 
terminals 


Rope-operated drum con- 
troller 

Enclosed contactor or * 
switch 

Enclosed contactor or 
switch 

Enclosed contactor or 
switch 
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down the scoring machine, and avoid pil- 
ing up the ice cakes or breaking any of the 
parts. 


Conclusion 

The manufacture of a simple cake of ice 
necessitates a number of operations that are 
performed in turn by machines that differ 
widely in the amount and characteristics of 
their power requirements. This is one of 
the reasons why they can best be driven 
electrically. The size and type of the 
motors and their control equipment, how- 


ever, naturally varies with the individual 
application, a convenient summary of which 
is presented in Table I. 

Several departures from the ice-making 
process as outlined may be encountered in 
individual plants since innovations are con- 
tinually being tried out to reduce the labor 
and thus decrease the cost of the product. 
Among these may be mentioned the use of 
automatic pressure control and high-torque 
motors for the ammonia compressors, and 
also methods for handling ice cans in groups 
of 20 or more instead of singly or in pairs. 


Lightning Arresters for Transmission and 


Distribution Circuits 
By E. E. BurRGER 


GENERAL ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


With transmission lines growing longer and distribution networks more extensive every year, adequate 
protection against lightning disturbances becomes steadily more vital, with the result that intensive theoretical 
and experimental work is being carried on in this phase of engineering in many parts of the country. Mr. 
Burger brings forward in the present article some economic considerations of the lightning protection problem, 
and without entering into technicalities shows by means of an interesting analogy what types of equipment 
are best adapted to the several classes of service—EDITOR. 


The selection of lightning arresters for the 
protection of distribution circuits differs 
considerably from the selection of arresters for 
transmission circuits. 

In transmission circuits, ordinarily of 
higher voltages, the lines are long and the 
apparatus, either generating or receiving, is 
concentrated at the ends or at some junction 
point. Most of the surges originate at dis- 
tant points from the apparatus and are 
propagated toward the ends of the line as 
traveling waves. As the wave is propa- 
gated along the line, the energy of the wave 
is slightly diminished by losses in the line 
and the wavefront is somewhat flattened out 
by the natural characteristics of the line. 
The degree of protection afforded at line ter- 
minals must be of the highest order, for the 
reason that not only does the connected 
apparatus represent a large investment of 
capital but continuity of service to the larger 
areas served through the apparatus is of 
prime importance. Again, station apparatus 
is usually protected by relatively few arresters, 
and these arresters, being called upon to pro- 
tect under most severe and adverse condi- 
tions, must be rugged. Arresters of larger 
area and greater weight, requiring somewhat 


greater floor space and possibly some atten- 
tion, are usually required for these installa- 
tions. Economically, the higher cost of the 
protecting equipment and the construction 
of low-resistance grounds is warranted by 
reason of the greater advantage gained 
through the absence of shutdowns. 

In distribution circuits, the transmitting 
voltages are usually somewhat lower, the 
distances between connected apparatus are 
much shorter, and the network is concentrated 
in a much smaller area. During thunder- 
storms the origin of disturbances is at the 
terminals of the apparatus, and wavefronts 
are not modified by circuit constants. Leak- 
age conductance over insulators and through 
transformer insulation allows the accumulated 
charge on both line and ground wire to be of 
nearly equal potential, so that the starting 
wavefronts must be of an order equal to that 
of lightning itself. For this reason the con- 
ditions to be met on distribution circuits in 
some respects are even more severe than those 
on transmission circuits. But distribution 
circuit protection differs from transmission 
circuit protection in other respects: Con- 
tinuity of service is usually of less importance 
because of the nature and size of the load, 
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so that the cost of protection as compared to 
the initial cost of installed apparatus and 
revenue derived is a large factor in the selec- 
tion of an arrester. 

It has been shown from service records that 
as the density of arresters on distribution 
circuits is increased so is the degree of pro- 
tection increased. This is obvious because 
the more arresters that are connected to the 
system, the more paths there will be to ground 
through which to drain the charge induced 
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Fig. 1. 


by lightning. However, the length of line 
between arresters and the surge impedance 
of each line play important parts in deter- 
mining the total protection. 

Now there seem to be two possible ways 
of applying arresters to distribution circuits. 
The first is to apply a sufficient number of 
arresters at short distances apart so that the 
total induced voltage of the system will be 
kept at a minimum or below some critical 
value. ‘The second method is to apply a high- 
grade arrester having low internal resistance 
and a high discharge rate at certain points on 
the system where apparatus is connected and 
protection is most needed, so that at these 
particular points the allowable rise in voltage 
will be limited by the rate of discharge. As 
a mechanical analogy to these two methods 
of application we might consider the lines as 
being represented by troughs filled with 
water and the water as representing the in- 
duced charge. The head of water would rep- 
resent the potential of the charge. The 
object in view is to reduce the head of water 
as quickly as possible. Fig. 1 would repre- 
sent the method using many arresters. By 
providing a sufficient number of valves in 
the bottom of the trough (each valve repre- 
senting a lightning arrester) the total head of 
water could be quickly reduced by opening 
all of them at one time. Fig. 2 would repre- 
sent the second method, where large valves are 
located at less frequent intervals. By havy- 
ing each valve large enough so that its ability 
to discharge greater than the rate of 
water flow thriigh the trough, the head 
would always b: iinimum directly over 
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the valve. In this case the resistance of the 
trough to the flow of water would be 
equivalent to the surge impedance of the line 
and the discharge pipe below the valve would 
represent the resistance of the ground and 
ground wire. 

In applying arresters to a distribution sys- 
tem, a fact which is often lost sight of is that 
the greatest reduction of potential is at the 
place where the arrester is connected to the 
circuits, while even within a few feet of this 
point a considerably higher potential may 
be maintained. 

Since arresters of high discharge rate are 
reasonably low in cost, it would seem to be 
economical to install such arresters at the 
terminals of every transformer. This method 
would give a high degree of protection and 
would keep the total cost of protection at a 
minimum. 

The question of grounds or ground resist- 
ance, of course, is vitally connected with the 
protection problem, but since it seems to be 
generally understood that no arrester can 
give good protection through a poor ground, 
no further mention need be made except in 
the cases where low-resistance grounds can- 
not be easily obtained. Here the installation 
of multiple arresters seems to be the only 
alternative. But even in these cases it would 
seem better economy to locate the addi- 
tional arresters as close to the apparatus 
to be protected as conditions would permit 
rather than distribute them evenly along 
the line. 

It is true that little is known as to the exact 
nature and magnitude of disturbances pro- 
duced on transmission and distribution cir- 
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cuits, so that in some instances, such as direct 
strokes of lightning, etc., some failures of both 
apparatus and arresters are to be expected. 
The tendency in arrester design is to reduce 
these possible conditions to a minimum and 
without prohibitive cost include those qual- 


ities which make for high endurance and long 


life. In the case of both the cell-type and 
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pellet-type oxide-film arresters, the construc- 
tion is such that their ability to withstand in- 
herent line surges, such as caused by switching, 
arcing grounds, short circuits, etc., is a max- 
imum. The principle of operation of these 
two types is the same, the chief difference 
being in their relative size. The cell-type 
oxide-film arrester, because of its larger area 
and greater quantity of active material, is 
better able to discharge the larger quantities 


Fig. 3. Oxide-film Lightning Arresters for 
Outside Service 


of electricity which may collect on trans- 
mission lines, usually from 30 to 50 ft. above 
ground and many miles in length. Again, 
arcing grounds, or low-frequency slightly 
damped surges which are still possible on 
many systems, are more readily dissipated 
because of the heat-absorbing qualities of 
the cell-type arrester. The pellet-type ar- 
rester, although of high discharge rate to 
short-time transients, does not have as great 
an endurance as the cell-type arrester, so its 
application is more suitable to distribution 


circuits or short lines where the distance be- 
tween adjacent arresters is not over a mile or 
two and where arcing grounds are of rather 
short duration. 

If an arrester failure should occur it must be 
realized that,even though the circuit is cleared 
through the operation of circuit breakers and 
service immediately restored, the circuit is 
left unprotected at probably a most critical 
time and apparatus failure with loss of service 


Fig. 4. Pellet-type Oxide-film Arresters 


is possible before a new arrester can be in- 
stalled. So where continuity of service is a 
question of necessity, the quality of lightning 
arrester endurance should not be lost sight of. 

Manufacturers of lightning arresters today 
are making every effort to increase the degree 
of protection and to lessen the cost of such 
protection. These features will be brought 
about through a greater knowledge of line 
conditions now made possible by newly- 
developed high-sensitivity measuring instru- 
ments. 


ERRATUM 


In the article ‘Single-phase Short-circuit Calculations,” by W. W. Lewis, that appeared 
in our issue of July, 1925, page 488, the title of Fig. 13 should have read, “Alabama Power 
- Company, 110,000-volt, 60-cycle Circuits from Lock 12 to Bessemer. Line A under test. Line 


B open at both ends.” 
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The Java State Railway Electrification 


By J. RALPH JOHNSON 
CONTRACT SERVICE DEPARTMENT, GENERAL ELECTRIC COMPANY 


In the February, 1925, issue of the GENERAL ELECTRIC REVIEW we presented an article by Mr. Frank 
Guillot dealing with the control equipment for the electric cars being installed by the Java State Rai ways 
on part of its system. The present article will describe the more general features of this electrification. It 
is interesting to note that the traveling public in this remote island of the East Indies is now able to enjoy 
a riding comfort, secured to them by the adoption of automatic electrical equipment, which is often found 


lacking even on the large systems nearer home.—EDITOR. 


Extent 

The Batavia suburban section of the Java 
State Railways was placed under electrical 
operation on April 7th of this year. This 
section represents the initial stage of a 
comprehensive scheme of railway electrifica- 
tion undertaken by the Government of the 
Dutch East Indies in Java. At the present 
time there are about 1600 miles of state 
railways and 1500 miles of privately-owned 
railways under steam operation in the island; 
and it is proposed to electrify a large portion 
of the state railways during the next few 
years. 

The heavy suburban traffic in the neighbor- 
hood of the cities and the total lack of coal 
in Java were the primary considerations 
which led to electrification, and the existence 
of several natural water-power sites in the 
vicinity of the railways made the supply 
of electric power an attractive proposition. 
The coal now used on the steam locomotives 
is transported from the neighboring island 
of Sumatra and the expense involved in 
shipping and storage is considerable. Wood 
also is used as a fuel but the available supply 
is inadequate for the increasing demands of 
the railways. 


The System 


After a thorough investigation of existing 
electric railway systems in different parts 
of the world the state railways decided to 
adopt 1500 volts direct current as being 
best suited to meet the requirements for 
suburban and main-line service, and the 
section from Meester Cornelis to Tandjong 
Priok was chosen for the initial electrification 
because of the density of local traffic in this 
Batavia area. This section comprises 32 
single-track miles including parallel tracks 
and sidings. The major portion is double- 
tracked but the approaches to the terminal 
station at Tandjong Priok and the yard at 
Meester Cornelis have five tracks. The gauge 
of the line is 3 ft. 6 in. with rails weighing 
90 lb. per yard and the maximum curvature 


is 1300 ft. There is practically no gradient 
o this section—it is only beyond Meester 
ornelis that the grade begins. 


Substations 

The electrified section is served by two 
substations about twelve kilometers (7.5 mi.) 
apart. These substations are fed from a 
70,000-volt line 100 km. (62 mi.) in length 
which brings power from a hydro-electric sta- 
tion centrally located with regard to the gen- 
eral electrification scheme. The high-tension 
line is three-phase double-circuit, suspended 
from steel towers by Hewlett insulators; a 
ground line runs above the power line, con- 
nected to the peaks of the towers. 

The Meester Cornelis substation has at 
present a capacity of 3000 kw., supplied 
by two 1500-kw. synchronous’ motor- 
generator sets. At a later date a third 
similar set will be installed. 

The substation building consists of two 
sections divided by an open-air alleyway 
through which passes a railway track con- 
necting with the main line for delivery of 
material to the substation. The first section 
contains the machine room and the 6000-volt 
room, the bus of which is connected by . 
means of underground cables to the seconda- 
ries of the power transformers housed in the 
other section. The latter section contains 
all of the 70,000-volt equipment; on the 
ground floor are the transformers and oil 
circuit breakers while the upper floor con- 
tains the high-tension bus and disconnecting 
switches. . 

A large basement beneath the machine 
room contains the machine cables, feeder 
cables, lightning arresters, feeder test resistor 
and the field rheostats of the machines. 

All switching operations are controlled ~ 
from two switchboards in the machine room. ~ 
One board controls the 70,000-volt oil 
circuit breakers and the 6000-volt switches 
between the transformer secondaries and the 
6000-volt bus. The other board controls 
the machine oil circuit breakers and the d-c. 
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machine and feeder switches. A_ third 
switchboard is installed for station service 
and serves the ventilating fans, air-compressor 
motor, lighting circuits, battery-charging 
set, etc., through a 30-kv-a. service trans- 
former. The d-c. contro] circuits for switch- 
ing and relay operations are also supplied 
through this board either from the main 
machine exciters or from a 125-volt Edison 
battery. 


Motor-generator Sets 

Each of the main sets is capable of carrying 
rated load continuously with a guaranteed 
temperature rise of 35 deg. C., 150 per cent 
rated load for two hours with a rise of 55 
deg. C., and 300 per cent rated load for 
five minutes without injurious sparking or 
detrimental temperature rise. The above 
temperatures are based on an ambient 
temperature of 40 deg. C. 

The sets are of the three-unit four-bearing 
type consisting of a synchronous motor with 
two direct-connected d-c. generators. There 
are two exciters, one on each end of the 
shaft. The larger exciter (18 kw.) is for 
the motor field while the smaller (10.5 kw.) is 
for separately exciting the generator fields 
and also the shunt field of the motor exciter. 
Protection for the motor is provided by 
overload and undervoltage relays. Power 
for the synchronous motors is taken from 
the 6000-volt bus through oil circuit breakers 
interlocked electrically for ‘“‘Starting’’ and 
“Running.’’ At start the motors are supplied 
with reduced voltage through compensators. 
When the machines are up to speed excita- 
tion is applied and the motor pulls into 
synchronism. The running switch is then 
closed and full voltage placed on the stator. 
The starting torque is supplied by amortisseur 
windings of the squirrel-cage type in the 
pole faces of the rotor. 

_ The motor exciter is compound wound, 
its series field being excited by the main 
line current from the main generators and 
its shunt field excited by the other exciter. 
By this means a steep rising voltage char- 
acteristic is obtained, as the series field 
predominates. Thus the excitation of the 
motor field is varied automatically with load 
and the design is such that a power-factor of 
approximately 0.9 leading is maintained 
from 25 per cent to 150 per cent normal 
load, while at 300 per cent load the power 


factor is unity, A further advantage of the 
variation of excitation with load is that 
maximum torque (and therefore maximum 
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capacity) which varies approximately as 
the product of line voltage and excitation, 
occurs at maximum load. 

The d-c. generators are compound-wound 
and are provided with commutating poles 
and compensating windings in the pole faces. 
The two armatures of each set are connected 
in series to give 1500 volts. Both armatures 
are insulated for 1500-volt operation and are 
interchangeable. 

The series fields of both generators are 
connected in the ground side of the set and 
the equalizing connection for the parallel 
running of the sets is therefore grounded. 
This facilitates considerably the equalizing 
operation. 

The motor-generator sets are designed to 
meet the severe load variations which occur 
in suburban railway service and can deal 
instantaneously with load changes from 
no load to 300 per cent load. By the addi- 
tion of very little equipment the machines 
will operate reversed for regenerative braking 
of the rolling stock if future requirements 
call for this condition. 

High-speed circuit breakers protect the 
generators from short circuits on the line 
and the remote possibility of flash-over is 
taken care of by asbestos guards which 
completely cover the brush-holder yoke and 
the commutator risers. Barriers are also 
placed between the brush-holder brackets 
close to and parallel with the commutator. 
These prevent arcs from being carried over 
from the positive to negative brushes under 
short circuits. 

The high-speed circuit breakers are em- 
ployed in the positive and negative lines close 
to the generators, and the positive breaker 
is set to trip on reversed current above a 
pre-determined value. This might occur if 
the voltage of a neighboring substation rose 
above normal for some reason or if the voltage 
of the first station fell when both stations 
are operating and feeding the trolley line. 
Under short-circuit conditions on the d-c. 
side the negative breaker opens extremely 
quickly (0.005 to 0.008 sec.) and inserts 
a resistance in series with the line. This 
reduces the short-circuit current. This re- 
duced current is then opened by the 
positive breaker which is electrically in- 


terlocked with the negative breaker. By ~ 


opening the circuit in two steps in this man- 
ner the shock to the machine is considerably 
reduced. = 

The generator fields are provided with a 
field-killing device which lowers the d-c. 
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voltage at time of short circuit by auto- 
matically inserting a resistance in series 
with the generator fields. This device is 
interlocked with the negative breaker and 
comes into action on the opening of the 
breaker. 

The 1500-volt d-c. positive bus runs the 
whole length of the feeder compartment cells 
‘which are situated directly behind the main 
switchboard. These cells house the discon- 
necting switches and the high-speed circuit 
breakers in the machine and feeder lines. 
An auxiliary bus in the lower part of the 
cells is installed for testing the feeders. 
Any feeder can be placed in series with the 
test resistor through the auxiliary bus at 
any time by means of the disconnecting 
switches in the cells. Ifthe feeder is grounded 
the resistor limits the current to 75 amp. 
with 1500 volts on the bus. 

All high-speed circuit breakers are operated 
by remote control from the switchboard, the 
control voltage being supplied by the gen- 
erator exciters. In case of necessity the 
breakers can be operated by hand. 

The positive feeders are led from the dis- 
connecting switches through the wall of the 
basement and underground to the tracks. 

Here five of the cables are led up the 
supporting poles of one of the trolley gantries 
and connected to bare copper cables which 
are supported and dead-ended by insulators 
on upright brackets on the gantry. From 
these cables connectors are dropped to feed 
the various trolley lines above the tracks. 
The remaining feeders are led into other 
branch lines. No parallel feeders are em- 
ployed along the tracks as the copper section 
of the trolley wire and the catenary is ample 
to prevent excessive voltage drop. 

The negative feeders are bonded to the feet 
of the track rails and enter the basement of the 
substation where they are clamped to the neg- 
ative busbar. A totalizing shunt is placed 
between the negative bus and the machines 
and is used in connection with an indicating 
and recording ammeter so that the current 
output of the station is measured and recorded 
continuously. 


Overhead Construction 

Current for the motor cars and locomotives 
is conducted through overhead contact wires 
of the catenary type. The catenary, droppers 
and trolley wire are made of copper, except 
at points adjacent to substations where a 
steel catenary is used without adverse effect 
on trolley voltage drop. As already stated, 


the use of a copper catenary and copper 
droppers obviates the need for parallel 
feeders to maintain the trolley voltage. It 
may also be noted that whereas before the 
introduction of the high-speed circuit breaker 
it was usually necessary to install parallel 
feeders tapping into the trolley at some 
distance from the substation so that under 
short-circuit conditions there was sufficient 
resistance in the feeder to limit the short- 
circuit current within commutating limits 
of the generators until the circuit breaker 
opened, the absence of the long feeders in 
modern systems is taken care of by the 
extreme rapidity of opening of the high- 
speed breakers. 

Two contact wires are used over each 
track. The cross-section of each is 107 sq. 
mm. (147,000 cir. mil) and the section of the 
stranded catenary is 150 sq. mm. (205,000 
cir. mil). Thus the effective sectional area 
is 364 sq. mm. which corresponds to 550,000 
cir. mil. 

The contact wires are supported at in- 
tervals of 12.5 m. (41.25 ft.) by copper 
droppers from the catenary. Two types of 
droppers are employed, one with a spreader 
grip which supports each trolley wire and 
which, by use of spreaders of varying span, 
varies the distance between the two wires; 
the other type uses no spreader, and each 
wire is supported by individual droppers 
alternately connected to the catenary. In 
this case the contact wires are parallel but 
are staggered on the cross-supports between 
the poles. In each type therefore the contact 
wires are arranged to prevent grooving of 
the pantograph collector by varying the 
point of contact. 

The contact wires are maintained in con- 
stant tension at 400 kgm. per sq. cm. (5690 
lb. per sq. in.) by cast-iron weights attached 
to and insulated from the wires at distances 
of 1km. (0.62 mi.). Temperature changes are 
thus provided for. The tensioning devices 
are located on special steel anchor poles at 
intervals of 1 km., and the intermediate 
supporting lattice steel poles are spaced 75 m. 
(246 ft.) apart. The overhead construction 
is supported on and insulated from steel 
bridges, the catenary wire passing over the 
top of the cross-beams on which the insulators 
are placed. 


Track Bonding 

A welded type bond is used for the track 
rails and the welded joint is made between 
the head of the rail and the solid end of the 
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bonds. The copper section of the bond is 
200 sq. mm. (about 275,000 cir. mil). 

The track rails are cross-bonded every 
100 m. (328 ft.) with copper cable of section 
100 sq. mm. (137,500 cir. mil) welded to 
the feet of the rails, and the rails are con- 
nected to the ground plates at intervals of 
400 m. (1312 ft.) by cables of similar section. 
All the steel poles are grounded to the track 
rails by cables of 25 sq. mm. (34,375 cir. mil) 
section connected to the rails by means of an 
expanded terminal bond. 


Rolling Stock 

For the initial section between Tandjong 
Priok and Meester Cornelis, there have been 
supplied 15 motor-car and 15  trailer-car 
equipments. The cars are to be used for 
fast local service and are suitable for opera- 
tion in multiple-unit trains. Under normal 
running each motor car will pull one trailer, 
and this combination forms one unit control- 
able from either end. The cars and equip- 
ment are built to withstand a maximum 
speed of 90 km. per hr. (56 m.p.h.); normal 
operating conditions will call for a maximum 
speed of 75 km. or 46.6 mi. per hr., on tangent 
track and an average speed of 60 km. 
per hr. (37.3 m.p.h.). Normal acceleration 
is approximately 2 ft. per sec.. This accelera- 
tion is automatic and its value depends on 
the setting of the accelerating relay. By 
cutting out the automatic accelerating feature 
the train can be accelerated at a higher rate 
in case of emergency. 

The motor-cars are provided with two 
4-wheel trucks each carrying two motors 
rated at 115 h.p. at 750 volts. The motors 
are of the box type designed to operate two 
in series with line voltage at 1500, and all 
motors are insulated for 1500 volts. The 
motors are mounted in the trucks on the 
nose-suspension system, the projection on 
the motor frame resting on a bracket fixed 
to the transom. Power is transmitted to 
the driving wheels by the standard pinion 
and gear drive with gear ratio 67:20. The 
gears are made from special high-grade steel 
and the pinions of specially treated steel. 
The motors are self-ventilated, the cooling 
air entering the frame through screened 
openings at the pinion end and _ passing 
round the field coils and over the armature 
to. the commutator end. The air then 
returns through longitudinal holes in the 
armature and commutator and is forced 
out of the pinion frame head by a fan. cast 
integral with the armature. <A deflector 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 12 


prevents the mixing of the incoming and 
outgoing air. A point of interest in the motor 
bearings is the use of a thin layer of babbitt 
metal sweated to the inside of the bearing. 
In case of over-heating the babbitt runs out 
and its thickness is such that the armature is 
prevented by the bearing shell from striking 
the pole pieces. 

A feature of the cars is that in addition 
to the compressed air brakes and hand 


Fig. 5. Overhead Construction, Showing Gauge Used for 
Locating Position of Trolley Wires 


brakes, rheostatic braking is also provided. 
A special braking switch can be used to 
change the motor and control connections 
so that when necessary the motors can be | 
cross-connected for generator action and 
loaded with the starting resistors. The same 
switch also provides the means to cut out 
either pair of motors in case of trouble. 
When braking, the motor fields are cross- 
connected so that the fields of each pair of 
motors are excited by the armature current 
of the other pair and thus each takes its 
proper share of the load. Without this cross- 
connection the machine which first excites 
would de-magnetize the other and reverse 
the e.m.f. causing a short circuit on the 
excited machine. 
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Control 

The Sprague General Electric system of 
control is employed.” In this system the 
operation of the motor controller which 
handles the motor currents is governed by 
a master controller on the motor car or on 
the trailer depending on the direction in 
which the train is going. The individual 
contactors on the motor controller are 
actuated by a pneumatically-operated cam 
shaft which secures an absolutely definite 


’ sequence of closing and opening. The control 


is completely automatic with the advantage 
of uniform acceleration which means comfort 
for passengers, and power saving. The master 
controller operates directly through train 
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thus controlling the acceleration of the train. 
This relay provides the automatic current- 
limiting feature by keeping its contacts 
open so long as the motor current at each 
step of the motor controller remains above 
a pre-determined value. In case of necessity 
the motor controller can be notched up and 
held on any desired point as in the case of 
non-automatic control. This is accomplished 
by means of an advance lever on the master 
controller cap plate and a by-pass feature 
on the accelerating relay. 

Current for the control circuits, lighting 
circuits and the ventilating fans is provided 
by a motor-generator set at 65 volts. The 
motor of the set has a double-wound arma- 
ture and two commutators con- 
nected in series for 1500-volt 
operation. The generator volt- 
age is maintained constant by 
means of a regulator operating 
on the generator field. The reg- 
ulator control magnet is con- 
nected in series with a resist- 
ance across the generator field 
and operates to cut in or out 
a counter-e.m.f. motor whose 
“7 armature is in series with the 
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generator field. The voltage 
of the counter-e.m.f. motor op- 
poses the generator field and 


Fig. 6. Train Unit, Motor Car and Trailer 


wires and on the first notch the motor 
reverser and line breaker closes, while the 
cam shaft on the motor controller moves 
to the first position, closing the contactors 
for the first step of the starting resistance. 
Magnet valves excited through the master 
controller control the inlet and exhaust of 
compressed air to cylinders, and the move- 
ment of the pistons actuates the contactors. 
The line breaker and the reverse are provided 
with individual cylinders and magnets and 
there is one air engine for the cam shaft 
which actuates all starting contactors. In 
normal operation the master controller is 
thrown to full running position and the 
current-limit or accelerating relay controls 
the subsequent movement of the cam shaft, 


() A more complete description of this particular Bop 
will be found in an article by F. Guillot, GeneraL ELECTRIC 
REviEw, Feb., 1925, p. 95. 
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when cut in by the control 
magnet it reduces the voltage 
on the generator from full-field 
value to the value for which 
the regulator is set to hold. 

A storage battery is provided 
for emergency lights and con- 
trol in the event of power fail- 
ure. Normally the battery floats across the 
generator and is automatically cut in or out of 
the generator circuit as required, by means 
of relays. 


Air Compressor 

A motor-driven air compressor suspended 
in a cradle beneath the car supplies air 
for braking and for pneumatic control equip- 
ment. The motor is wound for 1500 volts 
and is connected to a single-stage air com- 
pressor with duplex cylinders, through 
herring-bone gearing. A special governor pro- 
vides for synchronous operation of all com- 
pressors in the train and the compressors 
are started and stopped automatically with 
variation of pressure in the reservoirs. # Each 
compressor has a capacity of 36 cu. ft. per 
minute, and two pipe lines are installed, 
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one connecting the reservoirs and the other 
the common train pipe-line. The brakes 
are of the standard compressed air type as 
used extensively in the United States. 


Current Collector 

Two pantograph current collectors are pro- 
vided on each motor car, each of which is 
designed to operate the train, so that one 
may be regarded as a spare. The frame 
which supports the collecting shoes is made 
of standard welded steel pipe with malleable 
iron joint castings. The overall length of 
the trolley is reduced to a minimum by 
having the bottom frame arms crossed. 
The collecting head consists of two shoes 
each provided with eight copper wearing 
strips attached to a sheet iron pan. This 
pan is filled with graphite grease to reduce 
friction. ‘The length of the wearing surface 
is 48 in. and the total length of the pan 
including the aluminum horns at the ends is 
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6 ft. 8 in. Each horn is provided with a 
hole in which a stud may be inserted to 
prevent the contact wire from sliding off. 
All bearings throughout the trolley are of the 
clevis and pin type except the main shaft 
which has roller bearings: Every bearing is 
provided with a shunt of copper strand. 

The pantograph is operated by means of 
air pressure and is under the control of the 
motorman. The operating mechanism con- 
sists of four nested springs, two air cylinders, 
two operating shafts, two pipe main-shaft 
equalizers and a quick release valve. The 
pantograph is raised when air is admitted 
to the air cylinders and is held against the 
contact wire with a pressure of approximately 
28 |b. 

Should the necessity arise the pantograph 
may be raised by means of a hand pump 
installed in the motorman’s cabin. The 
required pressure for raising the pantograph 
can be attained by hand in 30 seconds. 
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PART XVIII 
THE SECTIONAL PARABOLOIDAL MIRROR 


By Frank BENFORD 
Puysicist, ILLUMINATING ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


_ Historically, the sectional mirror perhaps ranks next in age to the plane mirror, but it has many inter- 
esting properties that are not widely appreciated. It is preéminently the mirror for the production of a wide 
and soft edged beam free from images, and it has found wide acceptance in outdoor floodlighting and in studio 
illumination, As the author points out, the optical principles of the mirror differ fundamentally from the 
other conics so far discussed in this series and entirely different methods are employed in making the analysis. 
The sections may be designed to be laid tangent to the basic paraboloid, or they may be made to fit inside, 
touching only at the corners. The latter form is more complicated to analyze, but much simpler to manufac- 


ture, and is therefore given preferential treatment. 


The theory of the chord system of sections will be 


developed more fully in a subsequent installment.—EpiTor. 


Introduction 

There is a legend, which will not down, that 
at the siege of Syracuse the Roman fleet was 
burned by rays from a mirror built by Archi- 
medes. ‘This story may well be true, for it is a 
feat possible for anyone provided with a num- 
ber of plane mirrors, a knowledge of geometry, 
patience, bright sunshine and an obliging 
and punctual enemy in a wooden ship. 
True, the legend is not always specific as to 
details, but of the paraboloidal form we 
may be certain, and it is not difficult to con- 
jure up the authentic details of the entire 
achievement. 

First, the inspiration, and who can withhold 
the credit for this one inspiration from a 


man whose life seemed to be a long series of 
inspirations? Besides, it is one of the attri- 
butes of greatness to gather more and more 
credit as the centuries go by and we might 
just as well stop doubting now and admit the 
fact. Plane mirrors are always found within 
arms length of beauty, and with the backing 
of a disciplined army at hand there is little 
reason to think that Archimedes lacked 
polished mirrors of gold and silver. Next came 
the construction of a large wooden para- 
boloidal frame at the point where the enemy 
would attempt to land and on the water in 
front of the frame a temporary target was 
anchored. The frame was held in gimbal 
rings and in its center the first mirror was 


eS eS SS ee 


- from images of the source. 
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placed. Then Archimedes, perhaps at ‘‘rosy 
fingered dawn,” began the mounting of the 
plane mirrors, each successive one being 
adjusted to reflect the sun’s rays to the point 
covered by the central one, and then covered 
with cloth so that a premature fire would not 
give warning to the Roman fleet. This work 
was necessarily carried out at the time of day 
at which the enemy was expected to land and 
the success of the venture depended upon the 
Romans attacking on schedule time. They 
did, with the happy result in the legend, and 
although Archimedes did not save the city 
he did a greater thing—he built the first 
sectional mirror of paraboloidal form. 

With this historical background it would 
seem that everything possible has been said 
about, and everything practical has been 
done with, the sectional mirror, but such is not 
the case. Much excellent design work has 
been done and some very worthy samples of 
this mirror are in everyday use, but as often 
happens with things that are too simple and 
commonplace, the basic theory has seemingly 
been neglected. In the following paragraphs 
a brief outline of some of the more important 
properties are given, but there is no effort at 
completeness, for there are innumerable 
variations possible, and space will not permit 
a discussion of more than a few of the more 
obvious types of design. 


Nature of the Beam from a Sectional Mirror 

The striking features of a beam from a 
sectional mirror are its softness of outline, 
uniformity of intensity, and relative freedom 
These features 
are often of extreme value, but they are at- 
tained at the expense of beam strength, so 
that to the above list might be added low 
intensity and a wide angle of spread. The 
projection efficiency is ordinarily high, there- 
fore for short range projection the floodlight 
built on the sectional plan stands without a 
superior. The beam formation takes place 
in a manner radically different from the para- 
bolic and hyperbolic beams and as the analy- 
sis of the beam involves new points of view, 
it is necessary to begin a survey of the subject 
with the very elements of reflection by a plane 
mirror, and by some process of summation 
arrive at the beam from the complete 
reflector. 

The various beams of the conic family so 
far discussed have one point in common— 
they come from a single real or virtual image. 
The sectional beam, however, radiates from a 
multitude of images and the whole beam 


therefore is composed of a multitude of indi- 
vidual beams that, at a sufficient distance, 
merge into one. The beam coming from a 
multiple-imaging mirror lacks all the details 
that are peculiar to the image forming 
conics, and with the sole exception of the 
beam diameter or outline, the beam gives no 
clue to the form or brightness of the source. 
The central beam intensity is a function of the 
intensity in candles of the source regardless 
of its size or form, and the specific brilliancy 
of the source has no bearing on the intensity 
of the beam. 


The Unit Beam 

Each flat section of mirror in the sectional 
mirror reflects an independent beam of light 
whose cross section resembles the outline of 
the section of mirror and whose strength in 
candles is proportional to the intensity of 
radiation from the source in the direction of 
the plane mirror in question. Let this inten- 
sity of radiation from the extended source be 
Iq, and let the coefficient of reflection of the 
mirror be K, then the strength J, of the 
elemental beam is 


I,.=K Iq candles (357) 


If the centers of the elemental beams are sub- 
stantially parallel then at some distance 
they will all overlap and, adding the direct 
radiation of the lamp, the combined beam 
strength is 


I=ZK IgtTJiso candles (358) 


Thus with a source giving 1000 candles uni- 
formly in all directions, and a 36-section 
mirror of glass having a coefficient of 0.85, 
the beam strength is 


I =36 X0.85 X 1000+ 1000 = 31,600 candles 


of which 30,600 is the strength of the 
reflected light and 1000 is direct radiation 
from the source. Fig. 212 is a photograph of 
such a sectional mirror with the light source 
in the center and the 36 images in the 36 
sections arranged in three concentric circles. 
In this actual case the intensity of radiation 
is not equal in all directions about the source, 
and the direct radiation along the axis of the 
beam is far below the average, as is clearly 
indicated in the photograph. In computing 
this beam each zone of mirrors must be used 
in connection with the correct intensity as 
shown by the distribution curve of the lamp, 
and for this reason the summation indicated 
in equation (358) is more than a simple count- 
ing of sections. 
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Conditions for Maximum Beam Uniformity 


Spherical Source 

A condition that might be regarded as of 
prime importance is the attainment of a 
high degree of uniformity at all points in the 
strength of the beam. The beam from a 
paraboloid ordinarily has a center of nearly 
uniform intensity, the crest, but the beams 
from ellipsoids and hyperboloids are always 
most intense in the center with gradually 
decreasing strength toward the edge. As 
these latter reflectors are the ones often used 
when great beam width is desired, the inten- 
sities in a wide beam are usually far from 
uniform. It isin this particular field that the 
sectional mirror is most useful and it is here 
proposed to see what physical proportions 
the mirrors must have in order to produce the 
greatest degree of beam uniformity. The 
computations of the angular dimensions of 
the sections of a sectional mirror do not 
call for any great degree of accuracy. This 
condition allows a number of simplifications 
to be made in the formulas, all of which do not 
follow orthodox lines. An attempt to follow 
a rigid mathematical treatment soon leads 
to such complicated forms as to discourage 
the most conscientious designer, and there- 
fore the simple forms here given may be of 
far greater practical use. 

Obviously, the width W; of the beam 
from a single mirror measured in a meridian 
plane, is equal to the angular length, 1, of the 
mirror, plus the angular width s of the source 
as measured from the center of the section. 


W,=Il+s deg. (359) 


If the edges of the section are formed by 
meridian planes, spaced p deg., then the angu- 
lar width, w (= sagittal angle) of a section 
whose center is at the angle a on the gen- 
erating parabola is 


w=p sin a deg. (360) 
and the width of the reflected beam is 
Ww=p sin ats deg. * (361) 


The first apparent condition for maximum 
uniformity is then 


W, Pies Wu deg. (362) 

If the light source is spherical, and of width 

So deg. as measured from the vertex of the 

paraboloid, then at any angle a equations 
(359) and (361) must give identical values: 


° a 
3? = deg. (363) 


a ae 
l+so cos’? 5=p sin a+s, cc 
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and this equation is then the basis for finding 
the proportions of the various sections. To 
have the width W; equal at the generating 
center angles, a, b, c, etc., we have 


Wi=letso cos? 5 


b 
=lb+5o C0S*> \ deg. (364) 


C 
=1,.+5s, cos? 2 
etc. J 


Fig. 212. A View of the Lamp Filament Surrounded by 
Thirty-six Images in the Thirty-six Sections of the 
Mirror 


and the corresponding widths of sections are 


a | 


Ww= Pa Sin @+5o cos? 9 


= py sin b+s, cos? : deg. (365) 


2 
: Cc 
=p, sin ¢+S_ cos? 3 


To take a specific case let us assume that a 
beam of 45 deg. width is desired, and that the 
spherical light source subtends an angle of 
15 deg. from the vertex of the generating 
paraboloid. 

So=15 deg. 


The vertex of the paraboloid may be cov- 
ered by a single mirror cut in a polygonal 
form so that its angular diameter is 


1=45—15=30 deg. 
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The second zone of mirrors then starts at 
15 deg. from the axis, and we may assume 
that the center of the zone will be at 30 deg. 
from the axis. From equation (364) 

45 deg. =1/,+15 cos? 15 deg. 
or 1, =45—14=31 deg. 

The inner edge of the third zone is at 
15+31=46 deg. and again we assume some 
value |, so as to make the second correction 
in 1 for the varying angle formed by the 
source. Take },=32 deg., then the center of 
the third zone is at 46+16=62 deg. and 

45 =1,+15 cos? 31 deg. 
1, =45—11=34 deg. 


0 10 2 80 40 50 G0 ™ GOH W010 120 GOK 
GENERATING ANGLE a - DEGREES 


Fig. 213. The Relation Between the Generating Angle a 
and the Angular Width of the Source as Measured from 
Various Parts of the Mirror. The upper curve applies to 
a spherical source and the major axis of a disk source, 
while the lower curve applies only to the minor axis of 
a disk source in correcting for the length of the sections 


The inner edge of the fourth zone is at 
46+34=80 deg. and the length of this zone 
may be estimated at 36 deg. and equation 
(364) used again to determine Jy. 

These successive approximations may be 
made by the aid of Fig. 213 where the angle 
subtended by a spherical source of diameter 
1 deg. as measured from the vertex is plotted 
to show the relation between s and the gen- 
erating angle a. Thus, at 0 deg. the source 
in the above example contributes 15 deg. 
to the beam width, but at 90 deg. the added 
width is 7.5 deg. and at 120 deg. only 3.75 deg. 
With these corrections made all zones will 
give nearly the same width of beam. Two 
factors have been omitted in thus computing 
the beam width. These are the added width 
due to the corners of the sections extending 
out farther than the ends of the two center- 
lines, and the decreased width due to the 
application of the ten per cent rule to the 
determination of the edges of the soft edged 
beam. Later, when the graphical analysis 
of the beam is taken up it will be determined 


to what extent these two corrections cancel 
each other. 

The width of the section of mirror is de- 
pendent upon the generating angle a, as 
given in equation (365) and therefore each 
zone should contain a different number of 
mirrors. It will be observed that the addi- 
tional width due to the size of the light 
source, as given in equations (364) and (365), 
has an equal influence on the two dimensions 
of the sections, and therefore no influence at 
all upon their relative values in the same 
zone. Substituting the numerical values 
previously obtained for the central angles, 
a, b, c, etc. the values of pg, po, etc., are found 
to be 360 deg., 60 deg., 88 deg. and 40 deg. 
Dividing these widths into 860 deg. the 
number of mirrors in the successive zones are 
found to be 1, 6, 9 and 9. The general rule 
is that a single mirror suffices in all cases to 
cover the apex of the paraboloid, and the 
number of mirrors reaches a maximum at 90 
deg. and then decreases to a theoretical single 
mirror when the edge of the paraboloid is at 
infinity, that is, when the generating angle 
approaches the hypothetical condition of 
equaling 180 deg. See Table XXII. 

In the construction of a mirror from the 
above data it would seem that the most prac- 
tical thing to do would be to use eight sec- 
tions, or perhaps ten, in the three outer 
zones. This would make the mirror easier to 
construct, and it would not reduce the number 
of active sections or the central beam inten- 
sity. Table XXIII gives some of the angles 
in the simplified design. 

There are here three designs to choose from, 
and the choice will be influenced by the beam 
formation, which includes such factors as 
uniformity of intensity, width and central 
intensity. These factors can best be evalu- 
ated after the beam characteristic has been 
determined, and this subject will be returned 
to later. 


Disk Source 

The proportions of the sections in a mirror 
to be used with an arc, or disk source, are 
influenced by the fact that from the outer 
parts of the mirror the source seems to be 
elliptical in outline. In making allowance 
for the width added to the beam by the di- 
mensions of the arc (or monoplane filament) 
it will be realized that the long axis of the 
ellipse adds to the spread of light from the ends 
of the transverse axis of the mirror section, 
while the short axis adds to the spread due to 
the length of the section in the meridian plane. 
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The minor axis of the ellipse is equal to the 
major axis reduced by the factors cos a, cos b, 
etc. where a, b, etc., are the angles from the 
vertex, and equations (364) and (365) there- 
fore become, for a disk source 


W,=la+5o0 cos? = cos a 


cos b 


wl o Dp] a 


=I,+5, cos? 


deg. (366) 


COS ¢€ 


wlo 


=I1.+5, cos? 


etc. 
and 


Ww=ta Sin a+5, cos? 


wl pole 


=p, sin b+s, cos? 


deg. (367) 


=, sin ¢+S, cos? 


etc. J 


It should be noted that the size of the source 
plays a part in the relative dimensions of the 
sections because the factors of s, are not the 
same in equations (366) and (367) and in this 
respect the design will differ from that for a 
spherical source. 


nwlo 


Chord or Tangent? 


In the sectional view in Fig. 214 the tan- 
gential mirrors are seen to leave open joints 
at the ends of the sections. This is not a 
desirable form of construction and if an 
attempt is made to bring the ends together 
the optical adjustment of the zones will be 
destroyed. It is therefore necessary to find 
some other’ method of construction. The 
basic point in determining the size and position 
of each section is its point of tangency to the 
generating paraboloid. If, however, we change 
our method of approach and assume the 
junction points to be on the paraboloid, 
then there is no point of tangency and the 
mathematical relations are altered. This 
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construction on the basis of chords is much to 
be preferred and is one often used in practice. 

The equations for determining the angular 
width and length of the sections in order to 
secure uniformity remain unaltered when 
dealing with chords in place of tangents, 
but as will be seen later, a slightly different 
interpretation must be given to the angles and 
a different value is found for the focal length. 


Fig. 214. A Sectional Mirror Built on the Tangent System 
Does Not Have the Ends of the Section in Contact. The 
mirrors in the various zones number one, six, nine and nine. 
Manufacturing considerations require mirrors whose ends 
join and equal numbers in all zones except the center 
one. Note that the point of tangency (the optical center 
of the mirror) between the Curve L and the Section H 
falls near the inner edge of the section 


Use of Chords 

Mirror sections of 30-deg. lengths and 
bounded by meridian planes spaced 30 deg. 
are shown in Fig. 215 along with the gener- 
ating paraboloid. Only the corners of the 
sections touch the paraboloid, and the ends 
of the sections are chords of circles, while the 


‘ TABLE XXII 
ANGULAR WIDTH AND LENGTH OF SECTIONS FOR GREATEST UNIFORMITY OF BEAM 
15-deg. Source 


Zone From Tc Cent 
No. Deg. Dag: Deas: iste 
1 —15 +15 0 30 
2 +15 +46 31 31 
3 +46 +80 63 34 
a +80 +119 100 39 


Source Beam Meridian Mirrors 
eg. Deg. Deg. in Zone 
15 45 360 1 
14 45 60 6 
11 45 38 9 
6 45 40 9 


° 
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edges are chords of the paraboloid. The 
optical properties of the center line of each 
section are of prime importance and the 
adjustment of section and light source must 
be made from the data of the center lines. 
The height, or y value of a point on the 
center of the end of a section of width 
p deg. is p 
Yi=¥ COs 5 (368) 
as illustrated in Fig. 215, and if all zones con- 
tain the same number of mirrors then p is a 
common angle for all, and the relation be- 
tween y and y is constant for all parts of the 
paraboloid. Placing this value of y, in the 
equation of the parabola, we get 


2 
=i d Fx 
P 


cos? = 
2 


yi? =4 F x cos? £ (369) 


and this is the equation of a new parabola 
that passes through the junction points of the 


Ii 


Fig. 215. A Sectional Mirror Built on the Chord System 
and Having All Sections of Equal Angular Length. The 
locations of the images are shown by circles. Note that 
they do not fall in the centers of the sections 


various center lines. The focal length of the 


derived parabola is 


F\=F cos? p (370) 


and the light source should therefore be moved 
toward the vertex accordingly. The generat- 
ing and derived parabolas have a common 
vertex and the origin for measuring F and F, 
is a common origin. 


Fig. 216. Diagram Showing the Location of the Source so 
That the Axis of the Reflected Beam will Coincide with 
the Axis of the Complete Sectional Mirror 


If a chord in a meridian plane is investi- 
gated for reflection of light originating at the 
focus it will be found that the axis of the 
reflected beam is obviously not that best 
adapted for giving the best concentration 
of light, and the equation derived below gives 
a further shift of the focal point to bring one 
particular mirror zone into optical adjust- 
ment. 

In Fig. 216 the parabola is the one derived 
to pass through the ends of the meridian cen- 
ter lines, and the section extends from the 
vertex to a point (x1) at an angle / from 
the axis. Then 


TABLE XXIII 
ANGULAR WIDTH OF SECTIONS IN SIMPLIFIED DESIGN 


EIGHT MIRRORS PER ZONE 


Zone SAGITTAL ANGLES 
No. | Meridian 
Angles Effect. Source Total 
1 360 380 15.0° 45.0° 
2 45 23 14.4° 87.4° 
3 45 40 OF 51.0° 
4 45 44. 62° 60.2° 


ay 
x,=tan’ > (371) 
and 
l ; 
Via 2 tan 5 (372) 
TEN MIRRORS PER ZONE 
SAGITTAL ANGLES 
Meridian 
Angles Effect. Source Total 
360 30 16.0° 45.0° 
36 18 14.4° $2.4° 
36 32 Os 42.0° 
36 35 6.2° 41,2° 
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b 
Let = be the angle between the chord 


“ 


from (O, O) to (%4, 44) and the tangent at the 
vertex, then 


l rye 
my, tan = (373) 
a ! 
bw tan’ 9 
rane 9 "i / 
2 tans 
l 
lg tan = (374) 


Let the light source be placed at some point 
S at a distance /’y from the vertex (Fig. 216) 
so that the entire chord subtends an angle 
2b, When this condition is fulfilled the rays 
reflected at the (QO, O) point will have a 
downward slope equal to the upward slope 
of the ray reflected at (vy, 4). The downward 
slope is seen to be fixed and equal to b degrees 
because the ray striking at (O, O) does so at 
zero angle and is deflected by twice the angle 
between the mirrors and the plane at the 
vertex, that is, twice b. 

Referring to Mig, 216, we can write 

(AF yx) tan 2b = 4, 

View, tan 2b 

tan 2b 
By the aid of equation (874) angle b can be 
expressed in terms of angle 7, and these 


values substituted in equation (875) give an 
infinite series 


Ky 


ne ay l 
Aye 1—)4 tan's —14 tant= +... (876) 
“If this value for the new foeal length is 
substituted in the expression for the generat. 
ing parabola we pet 


Fy = cos? p (1—% tan® : 4 tant ; riccy ht 


4 
) 


for the correct focal point for the first zone of 
murrors, 

It will be noticed that the equation for Py 
was derived for a zone extending from the 
axis outward and not for a zone entire ‘ly 1'@- 
moved trom the axis. ‘The equation cannot, 
therefore, be expected to hold aceurs itely for 
all zones, but a number of trials have shown 
ere a as correct as need be for the design 
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of this type of mirror, where 1 
minus is not of great importance, 

In Fig. 217 several curves give the 
focal length I’, when 1 and p vary from 
zero to 40 deg. A mirror section 80 deg. 
by 80 dep. reduces the focal length to 91.5 
per cent of the focal length of the generating 
parabola, while sections 40 deg. by 40 deg. 
reduce it to 85 per cent, These reductions 
are of considerable importance because it is 
customary to make the focal length as small 
as will permit the use of some predetermined 
lamp bulb, and unless proper account is taken 
of the difference between / and Fs it will not 
be possible to bring the lamp to the focal 
point of the finished reflector. 


deg. plus or 


170 
O § 10 18 6 25 30 3540 4 50 
l (degrees) 


Wig, 217. The Shortening of the Focal Length Depends 
Upon the Angular Length J and the Angular Width p of 
the Sectiona 


In case the several mirror zones contain 
different numbers of sections it would seem 
the wise thing to take the combination of 
m and 1 that gives the smallest value of Fs, 
and thus guard against the lamp bulb coming 
against the mirror when focused, An addi- 
tional reason is the loss of space due to the 
clips or other fasteners that hold the mirrors 
in place, 

If the light source is shifted to the new 
focal length /y all the angular relations will be 
altered in some degree, ‘The purpose of the 

change is to make the upward and down. 


(377) ward reflection equal for the top and 


bottom edges of the same section, but 
additions to the upward angle will not be 
exactly balanced by the lessening of the down- 
ward angle and the total width of the beam 
will be slightly altered. This alteration is 
in the nature of a second order correction 
(that for the size of the light source being of 
the first order) and is not of sufficient size to 
warrant going through the design a second - 
time in order to compensate for it. 


(To be continued) 
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The Pittsburgh Railways Company Receives the 
Charles A. Coffin Foundation Award for 1925 


The Pittsburgh Railways Company, which 
operates street cars in and about Pittsburgh, 
Pa., was awarded the Charles A. Coffin medal 
and prize for 1925, at the recent American 
Electric Railway Association convention in 
Atlantic City. This recognition takes the 
form of a gold medal, a certificate and $1000 
in cash, and is awarded annually by the 
Charles A. Coffin Foundation to the electric 
railway which during the current year has 
excelled in outstanding accomplishments. 

Scarcely a year has passed since the Pitts- 
burgh Railways Company emerged from 
receivership. For the preceding twenty years 
it had been in difficulties and had piled up 
annual deficits. When Arthur W. Thomp- 
son, president of the road, took it out of re- 
ceivership on February 1, 1924, he an- 
nounced a policy of working with the public 
and expecting the public to work with him in 
the conduct of the road. He started to make 
good this policy by buying many new cars, 
reducing fares where possible, re-routing cars 
where it was deemed to the advantage of the 
riders, and telling the public about his road 
through every conceivable advertising means. 
The public quickly responded by reducing 
the road’s taxes, including heavy paving 
charges, granting fares which assured a profit, 
abolishing downtown motor parking, and 
otherwise co-operating to the fullest extent 
of its ability. 

A strike which occurred soon after the 
company was brought out of receivership 
was settled amicably in about three days by 
fair dealing with the men. Today, the em- 
ployees are the company’s strongest boosters. 

A big factor in winning public good will 
has been the frankness displayed by the man- 
agement. It is anxious that the people 
should know all about the property, and 
there is no legitimate extreme to which it 
will not go in order to present the facts. 
Virtually every kind of paid advertising, 
including newspaper, car card, and billboard 
space, is used. Much of the space is given 
to advertising municipal activities, boosting 
the police and fire departments, and other- 
wise creating good will by discussing folks 
and things not directly connected with the 
company. Considerable space has been de- 
voted to acquainting the riders with the 
employees. Public talks were used exten- 


sively in telling the company’s story. From 
February 1, 1924, to June 23, 1925, members 
of the commercial department gave 282 ad- 
dresses; and during the same period operating 
officials of the transportation department 
appeared before 540 public meetings. 

Particular attention is paid to the sugges- 
tions and complaints of individuals. Em- 
ployees and riders are invited to make sug- 
gestions for improving the service. During 
the last year more than 33,000 suggestions 
were made by employees. A considerable 
number of these suggestions were adopted 
and the persons who made them were re- 
munerated. It is also made easy for any 
individual to see company officials. 

Various rates of fare have been put into 
effect. It is the management’s conviction 
that the man who rides most frequently 
should get a bargain rate. Therefore, weekly 
passes have been made available. There 
has also been established a Sunday pass 
which sells for 25 cents and permits the pur- 
chaser to take an unlimited number of rides 
on that day. 

A Traction Conference Board, composed 
of both citizens and traction officials, has 
been organized to help run the property, 
thus tying in the public directly with the 
management. 

The Coffin Award Plan is now in its third 
year. The first year it was won by the Chi- 
cago, North Shore and Milwaukee Railroad 
Company, and last year by the Northern 
Texas Traction Co., Forth Worth, Tex. 
Competition for the award this year was 
keen, thirteen companies being represented 
in the finals. They ranged from very small 
properties to some of the largest in the coun- 
try, but the size of the property was of no 
consequence. The award is made by a special 
committee drawn from the American Elec- 
tric Railway Association. The General Elec- 
tric Company which in December, 1922, 
established the Charles A. Coffin Foundation, 
takes no part in the award except donating 
the medal and cash prize. The committee 
this year was composed of J. N. Shannahan, 
president of the Newport News & Hampton 
Ry., Gas & Electric Co.; F. R. Coates, 
president of the Toledo Edison Company; 
and J. H. McGraw, president of the McGraw- 
Hill Company. 
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Air Preheaters 
Air Preheaters in the Power Plant. 
Power Pl. Engng., Sept. 15, 1925; v. 29, pp. 
940-943. 
(‘Description of types now in general use 
and summary of results which may be 
expected from their use.’’) 


Arc Welding 
Current Values for Carbon Wire. Rusk, C. M. 
Weld. Engr., Sept., 1925; v. 10, pp. 36, 47. 
(Presents a chart for determining current 
values and densities for 0.18 carbon steel 
electrodes.) 


Armature Windings 


Direct Current Armature Windings for Multi- 
Polar Generators and Motors—Frogleg 
Windings. Powell, W.H.and Albrecht, G. M. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 345-354. 
Cars, Gas-Electric 
Gas-Electric Buses Used in Albany. 
Elec. Rwy. Jour., Sept. 12, 1925; v. 66, pp. 391- 
393. 
(Describes the Fageol-General Electric buses 
recently placed in service.) 
Circuit Breakers 

Selection and Maintenance of Oil Circuit 
Breakers. Burnham, George A. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 384-391. 

Selection and Maintenance of Oil Circuit Break- 
ers. Wohlgemuth, M. J. and Read, E. K. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 398-405. 
Electric Cables 
High-Voltage Cables. Beavis, E. A. 
Elec. Rev., Sept. 18, 1925; v. 97, pp. 448-446. 
(Mathematical treatment of dielectric loss 
and temperature rise under working con- 
ditions.) 
Electric Drive—Air Compressors 
Electric Drive of Air Compressors. Miller, L. 
Met.- Vick. Gaz., July, 1925; v. 9, pp. 19-23. 
Electric Drive—Steel Mills 
Advantages of Adjustable-Speed Drives for Roll- 
2 ing Mills. Shirk, Wm. B. 
Elec. Jour., Sept., 1925; v. 22, pp. 414-417. 
Electric Furnaces 

Electric Melting Furnaces. Seede, J. A. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 368-374. 
Electric Met« 


Switchboard leters for Power Plants. Housley, 
J. Elmer. 
Power, Sept. 8, 1925; v. 62, pp. 362-364. 
(General directions for their selection.) 
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Electric Motors, Induction 


Effect of Unbalanced Secondary Conditions on 
the Operation of Large Induction Motors. 
Kenyon, A. F. 

Elec. Jour., Sept., 1925; v. 22, pp. 435-437. 


Electric Motors—Starting Devices 
Design of Squirrel-Cage Motor Starters. Knowles, 


gl Oe 
Elec. Rev., Sept. 11, 1925; v. 97, pp. 404-406. 
(‘Suggestions for alterations necessary to 
meet heavier load conditions.’’) 


Electric Transformers 


Polyphase Transformer Magnetizing-Current 
Wave-Forms. Kemp, P. and Young, H. P. 
I. E. E. Jour., Sept., 1925; v. 63, pp. 877-895. 
(Analyses the magnetizing currents taken by 
groups of transformers connected in various 
manners for operation on polyphase 
systems. Includes bibliography of 20 
entries.) 
Principles of Transformer Connections. Johnson, 
V.E. 
Power Pl. Engng., Sept. 15, 1925; v. 29, pp. 
956-958. 
(Serial.) 


Electric Transmission 
Operating a Fully Interconnected System. Perry, 
Allen M. 
Elec. Wid., Sept. 26, 1925; v. 86, pp. 657-662. 
(Practices of the Consumers’ Power Com- 
pany of Michigan.) 


Electrical Machinery—Temperature 
Ventilation for Self-Cooled Transformers. Len- 
rahe pcae Ab Re Os. 
Elec. Wid., Sept. 19, 1925; v. 86, pp. 569-570. 


Elevators, Electric 


Three-Speed Traction Elevator Direct-Current 
Controller. Armstrong, Charles A. 
Power, Sept. 22, 1925; v. 62, pp. 438-441. 
(Explains circuits and operation.) 


Hydroelectric Plants 
Operating Practice in Hydro-Electric Plants. 
Hawley, Charles B. 
Engrs. & Engng., Sept., 1925; v. 42, pp. 2385- 
245 


(A paper presented at the Third Annual" 
Hydro-Electric Conference.) 


Present Trends in Western Hydro-Electric 
Practice. Hutchinson, Ely C. 
Elec. Wld., Sept. 26, 1925; v. 86, pp. 615-618. 
(A discussion of water turbines, valves, 
governors, lubrication, etc.) 
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Illuminating Engineering 
Year’s Progress in Illumination, 1924-1925. 
Ilium. Engng. Soc. Trans., Sept., 1925; v. 20, 
pp. 679-800. 

(The 1925 report of the Committee on Prog- 
ress, I. E. S. Includes some 500 biblio- 
graphic footnotes and a list of recent books 
on illumination subjects.) 


Insulating Oils 
Purifying Circuit Breaker Oil. Clark, Lee 
Hinchman. 
Elec. Wid., Sept. 19, 1925; v. 86, pp. 562-565. 
(Describes a new process which combines 
centrifugal and chemical treatment.) 


Isolated Plants 


Justifiable Small Power Plants. Mallinson, A. B. 

I.E.E. Jour., Sept., 1925; v. 63, pp. 896-915. 

(Investigates the economics of the isolated 
plant.) 


Measuring Instruments 


The Rotoscope. 
Engr., Sept. 11, 1925; v. 140, pp. 272-273. 
(Illustrated description of the Ashdown 
Rotoscope, a device for visual inspection 
of rapidly rotating machine parts.) 


Mercury Boilers 
Status of Mercury Boilers. 
Elec. Wid., Sept. 26, 1925; v. 86, pp. 607-608. 
(Short account of a new installation in the 
Dutch Point station of the Hartford 
Electric Light Co.) 


Nozzles 


Supersaturated Steam in Turbine Nozzles. 
Power, Sept. 22, 1925; v. 62, pp. 445-446. 


Power Plants, Electric 
Auxiliaries and Auxiliary Drives for Steam- 
Electric Generating Stations. Penniman, 
Jr., A. L. and Quarles, F. W. 
Iron & St. Engr., Sept., 1925; v. 2, pp. 377-384. 
Combustion Control at the Hudson Avenue 
Station. Holmes, W. C. 
Elec. Wid., Sept. 26, 1925; v. 86, pp. 628-632. 
(Illustrated account of equipment and 
methods used in the Hudson Avenue sta- 
tion of the Brooklyn Edison Co.) 


Radio Engineering—Wave Propagation 
On Recent Advances in Wireless Propagation 
Both in Theory and in Practice. Eve, 
S 


A. S. 
Franklin Inst. Jour., Sept. 1925; v. 200, pp. 
327-333. 


Regulators, Induction 


Use of Induction Regulators in Feeder Circuits. 
Carr, Laurence H. A. 
I. E. E. Jour., Sept., 1925; v. 63, pp. 864-876. 
(Describes three types and explains their 
operation.) 


Repair Shops, Electrical 
What is a Reasonable Stock of Renewal Parts? 
Ahrens, A. G. 
Elec. Jour., Sept., 1925; v. 22, pp. 432-434. 
(Pertains to one of the management problems 
of electrical repair departments in steel 
mills and industrial plants.) 


Silica, Fused 


Mechanical, Thermal and Optical Properties of 
Fused Silica. Thomson, Elihu. 
Franklin Inst. Jour., Sept., 1925; v. 200, pp. 
313-325. 
Standards, Electric 
New oa of A. I, E. E. Standards. Newbury, 


Elec. Jour., Sept., 1925; v. 22, pp. 447-451. 
(Presents a short history of the development 
of the old editions of the A.I.E.E. Stand- 
ards. Explains the reasons for the re- 
vised form of the 1925 edition and sum- 
marizes the more important changes 
appearing therein.) 


Statistics—Central Stations 
Operating Performance of Steam Generating 
Stations. Alden, Vern E. 
Elec. Wld., Sept. 26, 1925; v. 86, pp. 633-648. 
(An analysis of the data presented in numer- 
ous tables and charts covering costs and 
thermal performances of -136 American 
coal-burning stations.) 


Steam Plants 

Analysis of Steam Station Design. Hirshfeld, C.F. 
Elec. Wld., Sept. 26, 1925; v. 86, pp. 609-613. 
Increased Economy Warrants Increased Invest- 

ment. De Forest, C. W. 
Elec. Wid., Sept. 26, 1925; v. 86, pp. 605-607. 
(On: the economical operation of steam 

generating plants.) 


Steel—Electrometallurgy 


Electric Heat Treating Furnace Applications. 
Hurme, E. A. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 357-368. 

Heating of Ingots by Electricity. Butler, Ralph A. 

Iron & St. Engr., Sept., 1925; v. 2, pp. 374-376. 


Substations 
Mine Substations Properly Equipped and Lo- 
cated Help Cut Down Power Costs. 
Borland, J. E. 
Coal Age, Sept. 24, 1925; v. 28, pp. 421-425. 
(Considers the selection and application of 
apparatus. ) 
Modern Transformer Station. 
Elec. Wid., Sept. 19, 1925; v. 86, pp. 553-555. 
(Illustrated account of a 110-kv. outdoor 
station built at Toronto by the Hydro- 
Electric Power Commission of Ontario.) 


Switches and Switchgear 
Steel Enclosed Switching Equipment for Steel 
Mill Service. Wohlgemuth, M. J. 
Elec. Jour., Sept., 1925; v. 22, pp. 417-420. 


Wattmeters—Testing 
Testing Polyphase Watt-Hour Meters with 
Single-Phase Rotating Standard. Walsh, 
Willard F. 
Power, Sept. 15, 1925; v. 62,.pp. 399-402. 


X-Rays 
Steel Castings and X-Rays. St. John, Ancel. 
Iron Age, Sept. 24, 1925; v. 116, pp. 802-804, 
(‘How fluoroscopic examination may detect 
blow holes and slag—Possible substitution 
for radiography.’’) 
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NEW BOOKS 


Aprovechamiento de las Energias Naturales. Juan 
Gelpi Blanco. 281 pp., 1924, Barcelona, Imprenta 
Altés. 

(In this Spanish-language volume, the title 
of which might be translated to ‘read ‘The 
Utilization of Natural Energy,’”’ the author 
presents a descriptive and mathematical 
treatment of modern engineering methods in 
the utilization of the sources of energy. 
Though he treats of power production in 
general, Sr. Blanco is particularly concerned 
with conditions in Spain. Briefly enumerated 
the subjects covered, as revealed by the titles 
of the nine chapters, are: Natural Sources of 
Energy; Importance of the Most Complete 
and Economical Utilization of Energy in 
Spain; Summary of Our Energy Supply; 
Modern Engineering Education; Results of 
Experiments with Modern Hydroelectric 
Plants; Heat Engines and Their Future; 
Electricity; Economic Aspects of Energy 
Supply; Necessity for Adopting Super- 
power Plans to Save Waste. The volume 
includes numerous graphs, drawings and 
tables of data.) 


Automatic Telephony. An Outline. William Ait- 
ken. 148 pp., 1925, N. Y., D. Van Nostrand Co. 
(Briefly outlines the principal apparatus and 
fundamental circuits used in the various 
systems of automatic telephony. Among the 
types discussed are the Western Electric 
rotary and panel type systems of machine 
switching, the straight Strowger and the 
Strowger director systems.) 


Diesel and Oil Engineering Handbook. Ed. 3, enl. 
Julius Rosbloom. 794 pp., 1925, Los Angeles, 
Technical Pub. Co. 


Electrical Precipitation. Sir Oliver Lodge. 40 pp., 
1925, Lond., Oxford Univ. Press. 


Elektrische Zugf6rderung; Handbuch fiir Theorie 
und Anwendung der Elektrischen Zugkraft auf 
Eisenbahnen. Ed. 2, rev. & enl. E. E. See- 
fehlner. 659 pp., 1924, Berlin, Julius Springer. 

(Describes electric locomotives and rolling 
stock of all types from both the theoretical 


and the practical viewpoints, also line con- 
struction, substations, etc. A special sec- 
tion by H. H. Peter considers rack railways, 
cable railways and aerial tramways. The 
volume is exceptionally well illustrated and 
includes numerous bibliographies. One of 
the noteworthy features is a very complete 
table showing the principal design features 
of practically all types of electric locomo- 
tives for main line service thus far con- 
structed throughout the world.) 


Factory Organization and Administration. Ed. 4. 
Hugo Diemer. 298 pp., 1925, N. Y., McGraw- 
Hill Book Co., Inc. 


Light, Photometry and Illuminating Engineering. 
William E. Barrows. 412 pp., 1925, N. Y., 
McGraw-Hill Book Co., Inc. 


Resistance of Materials. Fred B. Seely. 442 pp., 
1925, N. Y., John Wiley & Sons. 


Rewinding Small Motors. Daniel H. Braymer and 
A. C. Roe. 247 pp., 1925, N. Y., McGraw-Hill 
Book Co., Inc. 


Sheet Metal Welding by the Oxy-Acetylene Process. 
T. C. Fetherston (Comp.) 259 pp., 1925, N. Y., 
Linde Air Products Co. 


Sound, Light, Electricity and Magnetism. Ed. 2. 
William B. Anderson. 821 pp., 1925, N. Y., 
McGraw-Hill Book Co., Inc. 


Superheat Engineering Data. Ed. 6, rev., 208 
pp., 1925, N. Y., Superheater Co. 

(“A handbook on the generation and use of 
superheated steam and related subjects.’ 
Although frankly a piece of trade literature, 
this volume contains much useful informa- 
tion in the form of tables and other data 
applying to boiler- and engine-room prac- 
tice.) 


Transactions of the First World Power Conference,. 
London, June 30 to July 12, 1924. 5 vols., 7013 
pp., 1925, Lond., Perey Lund, Humphries & Co., 
Ltd. 


Paris International Conference on High-tension Lines 


It is proposed, subject to there being a sufficient demand, to publish an English edition (in two volumes of 
about 1100 pages each) of the papers read at the International Conference on High-tension Lines held in Paris on 
June 16-25, 1925. The volumes will also contain a report of the discussions. 

If the demand reaches 400 copies, the price will be four pounds for the two volumes, but in the event of 800 
copies being subscribed for, the price will be two pounds ten shillings. 

In order that an early decision may be arrived at as to whether to publish an English edition, those wishing to 
subscribe for copies are requested to inform without delay Monsieur Tribot Las piere, Union des Syndicats de l’ Elec- 
tricité, 25 Boulevard Malesherbes, Paris, of the number of copies which they will require. 

A French edition of the papers and discussions will also be published provided not less than 1000 sets are sub- 
scribed for. The price will be 250 francs per set. Orders for the French edition should also be sent to M.Tribot 


Laspiere at the same address. 
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Pow rn COLOR CORRECTED FROM .70 TO .80 


More power 


over 
the same line 


A New York power company recently 
installed Capacitors at the ends of 10 to 
15-mile feeders. 


The improved power-factor of these 
feeders—raised from .70 to .90 and of the 
system from .70 to .80—released line kv-a. 
and greatly improved feeder regulation. 
Because of a 10% reduction in excitation, 
the heating of station apparatus was also 
reduced. 


uc ce ai at Without this added line capacity another 
transmission line and its auxiliary equip- 
ment would have been necessary. Capaci- 
tors saved this larger investment together 
with the greater installation expenses, 
operating cost and loss of time. 


The selection of power-factor corrective appa- 
ratus—either capacitors or synchronous con- 
densers—must be based on an analysis of the 


sers— on an analysis of the 5 ei 
ee ep eee beth of ths Investigate your load conditions as the 


General Electric manufactures both of these 


classes of equipment. Its engineers are widely PS i a . 
experienced in the applications of each. Have iirst step in effecting economies through 
them study your conditions and make recom- 3 

mandating. improved power factor. 


GENERAL ELECTRIC 
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Say you saw it advertised in the GENERAL ELEcTRIC REVIEW 
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The Safety 
Switchboard 


NERALG 


GENERAL EP NERAL ELECTRIC _COMPANY, SCHENECTADY, NEW 


Say you saw it advertised in the GENERAL ELEcTRIC REVIEW 
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Factory-built 
—complete 
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‘lian was a time when human life was cheap. But times have changed. 
Modern industry takes every precaution to insure personal safety. 


General Electric made a distinct advance toward safe plant operation ten years 
ago when it produced the first G-E Safety Enclosed Switchboard. It was time 
to minimize accidents and inconvenience incident to switchboard operation 
and maintenance. The truck type switchboard was the answer. 


G-E Truck-type Safety Enclosed Switchboards are all-steel, with housings built 
to give rigidity and permanence and to insure accurate interchangeability. 
They provide, besides the utmost safety, these additional advantages: 


Continuity of power the over-all cost of truck panels 
; ? installed is less than that of other 
Only with truck panels, which are types of switchboards. 


removable and _ interchangeable, 
can a“‘spare’”’ panel beimmediately Economy 


pushed into the place, of one Fen tastallation, inspection, repair, and 

practically continuous service extension operations are so simpli- 

j fied and rendered so safe that the 

Low Cost time for doing this work is reduced 

to the minimum. Losses from delays 

For equal functions, equal safety, caused by a disabled switchboard 
and equal convenience of operation are practically eliminated. 


22B-5B 


ELECTRIC 


Peer Crs TN ALL PRINCIPAL CITIES. 
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Typical installation of D & W’s for subway transformer protection 


For Overloads or Short Circuits 


Entirely free from fibrous or composition materials 
which would be subject to charring or carbonizing, 
and with its contacts and fuse link oil-cooled, the 
D & W Oil Fuse Cutout is capable of giving protection 
against overloads as well as short circuits— 


—another important feature that makes the D & W 
regarded as ‘‘more than a cutout”’ 


18-6B 
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GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL PRINCIPAL _CITIFS 
—_—_——OOO Se 


Say you saw it advertised in the GeNERAL ELEctric REVIEW 


DECEMBER, 1925 GENERAL ELECTRIC REVIEW 21 


I. P. Morris Hydraulic Turbines 


The Wm. Cramp & Sons Ship & Engine Building Co. 
Richmond and Norris Sts., Philadelphia 


NEW YORK OFFICE—100 BROADWAY 


BIRMINGHAM OFFICE—AMERICAN TRUST BUILDING 


Low Head High Speed High Efficiency 


Turbines built for 
Moreau Manufacturing Corp. Feeder Dam Development, Glens Falls, N. Y. 


SPECIAL FEATURES 


Moody Spreading Draft Tube Moody Diagonal-Flow High-Speed Runners 
Individual_.Stay Vanesfand _Plate,Steel Guide Vanes 


5—1500 Horsepower Turbines Operating at 120 R.P.M. Under a Normal Head of 15,5 Feet 


Units of this type equipped with HIGH-SPEED RUNNERS and HIGH CONE SPREADING 
DRAFT TUBES give HIGH EFFICIENCIES with this simple and inexpensive setting and make 
possible the development of low-head power sites which were previously considered uneconomical. 


Designers and builders of the Johnson Hydraulic Valve and the Moody Spiral Pump 


ASSOCIATED COMPANIES 


THE PELTON WATER WHEEL CO., San Francisco and New York 
DOMINION ENGINEERING WORKS, LTD., Montreal, Canadian Licensees 
SOCIEDADE ANONYMA, HILPERT, Rio de Janeiro, Brazilian Licensees 


Say you saw it advertised in the GENERAL Exectric Review 
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To print the following is no slight accomplish- 
ment, yet we could do more 


cS 


The General Electric Review 

The Edison Sales Builder 

The G-E Merchandiser 

The G-E Monogram 

The I.G.E. Monogram 

The Digest—English edition 

The Digest—Spanish edition 

The General Electric News—six separate 
editions—together with the General Electric Company’s 
supply catalogues, its many bulletins, instruction books, 
and agents’ hand books of data and prices. 


Also engravings, electrotypes, innumerable office and 
factory forms, as well as hundreds of display advertise- 
ments. 


Offices and Plant Located at Scuenecrapy, New Yorx 


PRINTERS, ENGRAVERS and BINDERS to the ELECTRICAL INDUSTRY 


THE MAQUA COMPANY 
| 
| 


—— —— 
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| 


For Convenience 


For Reference 


For Utility 


[SS Sa SS SS Se Se ee 


Have your 1925 copies of General 
Electric Review bound 


We offer a fine black half morocco leather 
binding, with gold stamping, exactly as 
pictured, for $3.25. 


If you do not wish to send us your current 
issues for binding we can furnish you a com 
plete bound volume for $5.00. 


Send your copies of the Review, and remit 
by check or money order to 


SSO A I I SS 


GENERAL ELECTRIC REVIEW 
Schenectady, N. Y. 
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Say you sow it advertised in the GENERAL ELectric REVIEW 


INFORMATION 


On every electrical subject 
arranged in D 
FORM under these 
headings:— 


Electro-Therapeutics — Electric 
Shocks — X-Rays — Welding — 
Brazing — Soldering — Heating — 
Motion Pictures—RADIO—Radio 
Hook-ups—Telephone—Telegraph 
— Electric Bells — Cranes — Ele- 
vators — Pumps — Electric Ship 
Drive— Electric Railways—Elec- 
tric Vehicles. 

Automobile Starting and Light- 
ing System—I gnition—Generation 
and Transmission—Electric Tools 
— Plant Management — Power 
Station Plans —ARMATURE 
WINDING—Armature Repairing 
—A.C. Motors— Alternator Con- 
struction — Alternators — D. C. 
Motors—Dynamos — Magnetic In- 
duction —W1IRING—Wiring Dia- 

rams—Electric Lighting — Sign 
| Flashers—Cable Splicing— Power 

Wiring— Underground Wiring— 
Outside Wiring—Wiring Finished 
Buildings—Tests. 

A. C. Apparatus (Switch De- 
| vices; Current Limiting; Light- 
ning Protection)—Rectifiers—Con- 
verters — Transformers — Power 
Factor — Alternat 
D. C. Apparatus (§ 
Circuit Bre 
Watthour R 


xy Currents — 


Name ... 


Address 


Occupation 


Employed by........ 


GENERAL ELECTRIC REVIEW 


COMPLETE 
IN 1 VOLUME 


FREE EXAMINATION 


$1 PER MONTH 
IF SATISFIED 


OF PRACTICAL ELECTRICITY 


Here is an up-to-date, quick 
Ready Reference. It gives com 
plete instruction and_ inside 
information on every electrical 
subject. Every point clearly 
explained in plain language and 
‘diagrams that are easily under- 


stood. Handy to use. Easy to 
learn from. Subjects arranged in 
progressive manner for the student 
and with complete index which gives 
information instantly to professional 
workers. A time saver, money saver, 
and a helping hand for Engineers, 
Professional Electricians, Students 
and all interested in electrical work. 


Handsomely Bound in Flexible 
Red Leather 


Audels Handy Book is a magnificent 
volume that you will be proud to 
own and carry with you. Gilt Edged. 
Durable real leather binding. 1040 
pages of strong white paper. Large 
Type. 2600 illustrations and dia- 
grams, A mine of information and 
a most unusual value at only $4. 
Send no money. Pay nothing to 
man 


this coupon, NOW! 


Se OSCR CSRS Beeeee eee eee 


65 West 23rd St., New York 
DI HANDY BOOK OF 


RICITY examination. 
en ou $1 in 7 days, then $1 


Say vou 
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DRIVES 


150-H.P. Morse Silent Chain Drive from motor 
torubber machinery. Driver, 485 r.p.m.; Driven, 
85 r.p.m., 84-inch centers. 


4,000,000 H.P. 


installed 


More than 4,000,000 h.p. of Morse 
Silent Chain Drives have been in- 
stalled in-units from 14 to Sooo h.p. 
operating at speeds from 6000 r.p.m. 
to 250 r.p.m. or less. Many of these 
drives fifteen to twenty years old are 
still in service. 


Morse Silent Chains deserve prime 
consideration for any power trans- 
mission or speed reduction require- 
ment between parallel shafts. 


Write for ““A Chain of Evidence” 
or consult Morse Engineer at 
nearest office. 


MORSE CHAIN CO., ITHACA, N.Y., U.S.A. 


Atlanta, Ga. Minneapolis, Minn. + 
Baltimore, Md. New Orleans, La. 
Birmingham, Ala. New York, N. Na 
Boston, Mass. Omaha, Neb. 
Charlotte, N. C. Philadelphia, Pa. 
ill, Pittsburgh, Pa. 
San Francisco, Calif. 
St. Louis, Mo. 


Toronto, Ont., Canada , 
Winnipeg, Man., Canada 668 


Chicago, 
Cleveland, Ohio 
Denver, Colo. 
Detroit, Mich. 
Louisville, Ky. 
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WHERE CONDITIONS 
REQUIRE A 
JET CONDENSER 


C. H. Wheeler Low Level 
Jet Condensers are of the 
parallel flow type and 
can be furnished in all 
sizes and capacities, com- 
plete with submerged re- 
moval pump, air pumps, 
vacuum breaker, multiflex 
atmospheric relief valve 
and the necessary driving 
motor or steam turbine. 


The illustration shows a double hot well jet condenser, with horizontal cylindrical cast iron condensing 
chamber. Note the equalizing connection between the hot wells. 


C. H. WHEELER MFG. CO. 


19th St., Lehigh and Sedgley Aves. 
Philadelphia, Pa. 


New York Boston Chicago Cleveland 
Charlotte Pittsburgh San Francisco Seattle 


as Steel Balls 


for Severe Service 


Ball Bearings, under certain operating conditions, subject 
the balls to a slight spinning action. Molybdenum Steel 
Balls are well adapted for this peculiar condition, due to 
the extreme toughness of Molybdenum Steel which gives 
the balls a cleaner and denser structure and consequently 
a greater and more uniform hardness. Result—increased 
load-carrying capacity and longer bearing life. 

Do you need this added capacity in your equipment? 


1833B 


MARLIN-ROCKWELL CORPORATION a | | ae 


Gurney Ball Bearing Division ; a ae 
ero BALL BEARINGS 
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You Can Use Cheaper Coal 


One of the great advantages 
in pulverized fuel firing is its 
adaptability to the cheaper 
grades of coal. Complete and 
satisfactory combustion is ob- 
tained even with the lowest 
grades. This in itself is an 
item worth considering when 
you contemplate using the 


Erie City “Unitype” 
Powdered Fuel Equipment 


Send for bulletin and 
test report 


ere Erie City Iron Works 
Engines 

Fabricated Steel Work 
Grey Iron Castings 


Erie, Penna. 
(Established in 1840 


Make 
Good 
Motors 
Better 


INN BEARINGS CVRPVRATIVN 
Cennecticut 
AND THRUST BEARINGS 


NVRMA-HAVFFAV- 
Stamf 


BRECISION BALL.R 
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Pelton 
Reaction 
Turbine 
Runners 


The correct design of Pelton reaction turbine runners 
has been proven by actual operation under most exacting 
conditions with heads up to 875 feet. The latter head is 
utilized in the Oak Grove plant of the Portland Electric 
Power Co., the world’s highest head reaction turbine instal- 
lation, where 35,000 h.p. is developed in a single unit. 


Pelton engineering resources, combined with those of the 
associated companies, include also the most advanced 
designs in propeller type runners for the economical develop- 
ment of low heads. 


THE PELTON WATER WHEEL CO. 


Hydraulic Engineers 
2981 Nineteenth St., San Francisco 


Associated Companies: 


100 Broadway, New York 
Wm. Cramp & Sons Ship & 


Engine Bldg. Co., Philadelphia; Dominion Engine Works, 
Montreal; Sociedade Anonyma Hilpert, Rio de Janeiro. 


PE L_TOr 


Anothe tyIN 
Starrett Tool 


Combination 
Depth and 
Angle Gage 


A tool that combines the fea- 
tures of a depth gage and pro- 
tractor. Consists of spring 
tempered rule—3 inch wide 
and 6 inches long, graduated 
236 in $2nds on one side and 
64ths on the other—mounted 
in a’turret. The head of the gage is 25¢ inches across the:base, 
¥ inch thick and is marked with 30, 45 and 60 degree lines on 
either side of the center. ; 
For a%reference tool or in duplicating angles or chamfers you ll find 
it a most convenient tool. Ask your dealer to show it or write us 
for descriptive matter and free copy of Catalog No. 23 “KF 


THE L. S. STARRETT CO. 
World’s Greatest Toolmakers 
Manufacturers of Hacksaws Unexcelled 
Steel Tapes—Standard for Accuracy 
ATHOL, MASS. 
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We Manufacture Every Known 
Carbon Product 


Automobile Brushes 
For Starting Motors and Lighting Generators 
Carbon Brushes 
For Stationary Motors and Generators 
Rotary Converters, Turbo Generators and 
Railway Motors 
Carbon Electrodes 
For Electric Furnaces 
Carbon Rings 
For Steam Turbines 
Carbon Rods 
For Electric Weldin 


Carbon Plates and Rods 


For Electrolytic Work 
Battery Carbons 

For Dry Cells and Flashlight Batteries 
Plate Carbons 


For Furnace Lining 
Projector Carbons 

For Motion Picture Machines 
Searchlight Carbons 

For Floodlighting and Intense Illumination 
Studio Carbons 

For Moving Picture Studio Lighting 
Carbon Tubes 

For Protective Casings 
Carbon Contacts 

For Circuit Breakers 
Carbon Discs 

For Telephone Equipment 
Carbon Specialties 

For all other work 


Twenty-five Years’ Experience 
SPEER—the name of quality 


SPEER CARBON COMPANY 
ST. MARYS, PA. 


The 
largest selling 
quality pencil 
in the world 


17 
black 


degrees 


copying 


3 Excellences of a 
Perfect Pencil 


1 Absolute freedom from grit or even the 
* slightest coarseness. 


2, Every degree evenly matched in every 
* pencil of that degree—always. 
3 True gradations throughout 17 black 
* degrees—making each degree distinctly 
useful, 


Plain Ends, per doz. . . $1.00 


FREE Rubber Ends, perdoz. . 1.20 


sample At Stationers and Stores 
on throughout the world 
request 


American Lead Pencil Company 
213 Fifth Avenue New York 
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ENDURANCE 


UNEQUALLED 
PRACTICALLY PROVEN 
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LOWEST UNIT COST 
OF OPERATION POSSIBLE 
CENTRAL STATION CATERING 


0 to 100 megohm 
scale. 500-volt 
direct-current 
hand generator 


“MEG” [isslafieg Tester 


Write for free Pocket Manual 1060-G 
on the Principles and Practice of 
Insulation Testing with Special Ref- 
erence to the ‘‘Meg.” Forty-eight 
pages containing data, description, 
charts and photographs. 


Information regarding our complete line of “Meg” and ‘ “Megger” 
insulation testing instruments Lat oy sent to anyone interested. 
| State types 


of apparatus to be tes 


JAMES G. BIDDLE 


1211-13 Arch s Btreet, Pbiladelphix 


DECEMBER, 1925 
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|POWER| 


Bemesei 


(] 
O doubt the most important 
factor in your daily work 
LINN] i; POWER. This unseen 
energy brought to its present 
practical stage has required, in 
addition to many practical ideas, 
tools adapted for the manufacture 
of appliances to use this electrical 
force. 


We would call your attention, 
therefore, to the extensive use of 
a soft striking implement necessary 
in the construction of many appli- 
ances for electrical purposes. The 
HOLBROOK HIDE FACED 
HAMMERS—sometimes called 
SOFT HAMMERS—are today 
in use in many of the largest elec- 
trical factories throughout this 
and foreign countries. 
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| HOLBROOK 
! RAW HIDE COMPANY 

! PROVIDENCE, R. I. 
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General Electric Review 
Announces an exhibit at the 


Power Show 
Grand Central Palace 
New York 


Nov. 30th to Dec. 5th 
Space 5 


It cordially invites all interested in 


the newest developments in power 
stations, power transmission and 
related subjects to attend. 


We shall be pleased to explain 
to you our facilities for reporting 
the latest developments in the 
mechanical and electrical fields. 
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Ventilate Automatic 
Substations with 
> Exhausters 


66 


The illustration shows one 
of five automatic substations 


Cleaning the air 
your motor breathes 


“TULL of grit” is a fine thing in football, but 

let an automobile motor get full of grit 

and the garageman rubs his hands expectantly. 

Much of the grit that otherwise would find 

its way into a motor can be kept out by clean- 

ing the air of dirt before it passes into the 
carburetor to be mixed with gasoline. 

Among the air-cleaning devices on the 
market is one of which the die-casting shown 
above is the principal part. As the dust-laden 
air is drawn through the vanes of this die- 
casting, it is caused to whirl in such a way 
that the dirt is separated out by centrifugal 
force, just as cream and milk are divorced in 
a cream-separator. Then the dirt-free air is 
sucked into the carburetor through a connect- 
ing pipe. 

This die-casting is but one of hundreds 
similarly unique that we are called upon to 
manufacture. We can take care of your 
die-casting needs and would welcome an 


recently built by a prominent 
middle west concern, in which 
Buffalo fans are used for cool- 
ing converters, transformers, 
and load-limiting resistors. 


Our fans have certain advan- opportunity to consult with you on your 
tages which make them particu- requirements, 1." 
larly suited for this kind of When you buy die-castings from us, 
work. you are assured of the same high qual- 


ity that has established our Dutch Boy 
Why not let us work with trade-mark as a mark of excellence 
you on ventilating substations on babbitts, solder and paint materials. 


We'll guarantee the results. 


NATIONAL LEAD COMPANY 
Die-Casting Division 
111 Broadway New York, N. Y. 
Western Repremers ares E. R. McCormick, 2599 Cadillac Ave., 


Buff | Detroit, Mich. A. H. Bergedick, 667 Bowen Street, Dayton, 
alo org Pp ompany Ohio.” A. A. Gildemeister, 444 Fourth Street, Toledo, Ohio, 
This is one of a series of advertisements 


170 Morti mer St. Buffalo, N. NG describing some of the interesting and un- 


usual uses of die-castings in various fields. 


ALUMINUM, ZINC, LEAD and TIN 


|: DIES GA SiisiiNers 
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Water Tube Boilers 
Steam Superheaters 
Chain Grate Stokers 


BRANCHES 


Boston, 49 Federal Street 

PHILADELPHIA, Packard Building 
PITTSBURGH, Farmers Deposit Bank Building 
CLEVELAND, Guardian Building 

Cuicaco, Marquette Building 

Detroit, Ford Building 

CINCINNATI, Traction Building 

ATLANTA, Candler Building 

PHOENIX, Ar1z., Head Building 

New Or.EAns, 521-5 Barrone Street 
Houston, Texas, 1011-13 Electric Building 
DALLAS, Texas, 2001 Magnolia Building 
DENVER, 435 Seventeenth Street 

Sat LAKE City, 405-6 Kearns Building 
SAN Francisco, Sheldon Building 

Los ANGELES, 404-406 Central Building 
PORTLAND, OrE., 805 Gasco Building 
SEATTLE, L. C. Smith Building 

Havana, Cusa, Calle de Aguiar 104 

SAN JUAN, Porto Rico, Royal Bank Building 
Hono.uty, H. T., Castle & Cooke Building 


INDUCTANCE STANDARDS 


Type 106 


The Type 106 Standards of Inductance 
are adapted to use at commercial, audio, 
or radio frequencies. 


Astatically wound to minimize external 


field. 


High current-carrying capacity. 


Odea 022100 100:0 millihenry 
Bulletin 306G 


GENERAL RADIO Co 


Manufacturers of Electrical and Radio Laboratory 
Apparatus for over a decade 


30 State Street, Cambridge, Mass. 
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The Babcock & Wilcox Co. 


85 LIBERTY STREET, NEW YORK 
ESTABLISHED 1868 


DIAMOND 
SOOT BLOWERS 


for all types of boilers 


Save 4 to 8% fuel. 


Save labor and 
labor turnover. 


Keep boilers on the 
line longer. 


DIAMOND 
POWER SPECIALTY 
CORPORATION 


10340 Oakland Avenue 
DETROIT 


For a thousand 
insulation problems 


DIAMOND FIBRE 
and 
CELORON 


DAPTABLE, easily 
worked, great tensile and 
dielectric strength. 


FIBRE —in sheets, rods and 
tubes or in special shapes to 
specifications. 


CELORON —in sheets, in 
panels, in rods, in special 
shapes, in tubes, in various 
finishes. 


Information is only 
a matter of request 


Diamond State Fibre Company 
The oldest and largest manufacturer in 


the vulcanized fibre-laminated 
technical products industry 


Bridgeport, Pa., and Chicago, Ill. 


CELORON 


Dia -F 
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The J. G. White Engineering Corporation 
Engineers—Constructors 


Steam, Water Power and Industrial Plants, Transmission Systems, Oil Refineries and Pipe Lines, 
Hotels, Apartments, Railroads 


43 Exchange Place 


IRVINGTON INSULATING PRODUCTS 


Black and Yellow 
Varnished Cambric  Varnished Paper  Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 


“Cellulak” Tubes 


IRVINGTON VARNISH AND INSULATOR CO. 


Irvington, New Jersey 


Sales Representatives in all principal cities 


Silk for 
Insulat- 
ing Finest 


Wire 


For @ 
Electrical 
Purposes ] 


ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave. 
Cor. 27th St. 


Chicago 
Cleveland 
Cincinnati 
Denver 
Detroit 
Indianapclis 


Reports and Appraisals 


New York 


Made in Sheets, Rods. labes 
and Special Shapes 


Branches: New 
York City, Bos- From the red, grey or black, sheets, 


ton, Chicago, rods, tubes and all special forms can 
Fhiladelphia, be sawed, stamped, turned, drilled, 
San Francisco, threaded and finished in many attrac- 


Los Angeles, tive ways. 
Detroit . : 
: All Spaulding branches are equipped 
Eeatteusr to make special shapes, 
ULD, 
Cuma, - SPAULDING FIBRE CO., INC. 


Fibre 
ERY 320 Wheeler St. Tonawanda, N. Y. 


FIRELESS WIRELESS 
FURNACES 


3000° C.—10 min.—carbon free 


AJAX-NORTHRUP 


high frequency induction 
Trade Mark furnaces. 
Write for G2 and 8 


, SS , 
Ajax Electtothecni¢ Corporation 
tassel New Jersey 


G. H. Clamer, Pres. E. P. Northrup, Vice-Pres, 


Minneapolis 
Philadelphia 
Pittsburgh 
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JOHN A. STEVENS SARGENT & LUNDY 


Incorporated 


Consulting Power Engineer Mechanical and Electrical 


Engineers 


8 Merrimack Street 
1412 Edison Building 


Lowell, Massachusetts 72 West Adams St. Chicago, II. 


DwicHT P RoBINSON & COMPANY A. L. DRUM & COMPANY 


INCORPORATED 


‘ Consulting and Contracting 
Design and Construct Engineers 


Power Plants 
Hydro-Electric Developments Valuations and Financial Reports 
Industrial Plants Construction and Management 
Railroad Shops and Terminals of Electric Railways 
125 East 46th St., New York 
CHICAGO NEW YORK Los ANGELES 230 South Clark Street CHICAGO, ILL. 


7 


PUBLIC SERVICE PRODUCTION CoO. M cCLELL AN & JUNKERSFELD, INc. 


Engineers and Constructors 
ENGINEERING AND CONSTRUCTION 


Design and Construction of Power Plants 
Substations and Industrial Plants 


peri dand Rocarts Power Developments— Industrial Plants— Electrifications 


Examinations—Reports 


Valuation and Management of Public 
Utilities NEW YORK 
68 Trinity Place 


80 Park Place Newark, N. J. Chicago St. Louis Washington 


THE FOUNDATION COMPANY 


Engineering Construction 
Steam and Hydro-electric Power Houses 
Dams Transmission Lines 
Industrial Plant Construction 
Superstructures as well as Substructures 


120 LIBERTY STREET CITY OF NEW YORK 


Offices in principal cities throughout the United States and abroad 
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XECUTIVES of the 

Electrical industry will 
profit by communicating 
with these representative 
firms when in need of 
material, equipment, or 
expert advice. 
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LIDGERWOOD HOISTS 


I}lustration shows a two-speed electric quarry hoist with separate swinger, for 
operating bull wheel derrick. Hoists 35,000 Ibs. on single line at 31 f.p.m., 
and 17,000 Ibs. at 68 f.p.m. 


Electric Hoists for Every Character of Service 


LIDGERWOOD MFG. CO., 96 Liberty Street, New York 


Chicago; Pittsburgh; Philadelphia; Los Angeles; Seattle; Portland, Ore.; Brown-Marx Bldg., Birmingham, Ala, 

Sales Agents: Norman B. Livermore, San Francisco; Woodward, Wight & Co., Ltd., New Orleans, La.; John D, West brook, Inc., 
Norfolk, Va.; Canadian Allis-Chalmers, Ltd., Toronto; Cameron & Barkley Co., Jacksonville, Miama, Tampa, Fla, 

Foreign Offices; Sao Paulo, Brazil; Rio de Janeiro, Brazil; Londor, England. 


Latest Development in Revolving Car Dumpers 


It meets the demand for a 
dumper of simple construction, 
small investment, high efficiency, 
low operating cost and a mini- 
mum of labor. 


Built in lengths of 30, 40, 50 
and 60 feet for handling cars 
from 6 ft. 6 in. to 13 ft. o in. high 
and from 9g ft. o in. to 10 ft. g in. 


RECENT PURCHASERS wide and loaded capacities up 
By-Products Coke Corporation + 
Cleveland Electric [luminating Co. to 320,000 lbs. gross weight. 


The Koppers Co. for Bethlehem Steel Co. 
The Koppers Co, for Commonwealth Edison Co. (2 Plants) 
Utah Copper Company (2 Machines) 

Chile Exploration Company (2 Machines) 


The Wellman-Seaver-Morgan Company 
Cleveland, Ohio, U. S. A. 


Brings Down” 
the Overhead— 


HEREVER Link-Belt Silent Chain Drives have been used for transmitting 
power from lineshafts or motors to machines, costs have come down quickly 
and permanently. 


“Link-Belt Silent Chain Drives save us over $4,000 a year by eliminating belt 
slip and increasing production. The original cost is many times repaid,’’ says 
Mr. Thomas W. Sizemore, Superintendent of the American Spinning Co.—one of 
the hundreds of users who have testified in writing to the savings made with Link- 
Belt Silent Chain Drives. 


98.2% efficient (on actual test), Link-Belt Silent Chain transmits power without 
loss or slip, increasing output, saving power, and preventing costly delays. 


Drives from 14to10h.p. are now carried in stock by leading mill supply dealers 
throughout the country, assuring you of immediate delivery. Write for Book 
No. 725 and for the name of the nearest distributor. 


LINK-BELT COMPANY. 


Leading manufacturers of Elevating, Conveying and Power Transmission Chains and Machinery 


PHILADELPHIA, 2045 Hunting Park Ave. CHICAGO, 300 West Pershing Road = tit A eee P.O. Bos 85 
Offices in Principal Cities . f 
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